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ORIGINAL ARTICLE

SMARCA4/BRG1 protein-deficient thoracic tumors dictate re-examination
of small biopsy reporting in non–small cell lung cancer
Anurag Mehta1, Divya Bansal2, Rupal Tripathi3, Ankush Jajodia4
Department of Laboratory, Molecular and Transfusion Services, Rajiv Gandhi Cancer Institute and Research Centre (RGCIRC), New Delhi;
Departments of 2Pathology, 3Research, and 4Radiology, Rajiv Gandhi Cancer Institute and Research Centre (RGCIRC), New Delhi, India

1

Background: SMARCA4/BRG1 protein–deficient lung adenocarcinomas and thoracic sarcoma are recently described entities that lack
distinctive histological features, transcription termination factor 1 (TTF1) reactivity, and actionable driver mutations. The current diagnostic path for small lung biopsies as recommended by the World Health Organization (WHO, 2015) is likely to categorize these as non–
small cell carcinoma–not otherwise specified (NSCC-NOS). The present study attempts to define the subtle but distinctive clinicopathologic features of SMARCA4/BRG1 protein-deficient thoracic tumors; highlight their unique biology; and addresses the unmet need to
segregate these using a new, tissue-proficient diagnostic pathway. Methods: All lung biopsies and those from metastatic sites in patients with suspected advanced lung cancer and classified as NSCC-NOS as per WHO (2015) guidelines were subjected to BRG1
testing by immunohistochemistry. SMARCA4/BRG1 protein–deficient thoracic tumors were evaluated by an extended immunohistochemistry panel. Predictive biomarker and programmed death–ligand 1 testing was conducted in all cases. Results: Of 110 cases,
nine were found to be SMARCA4/BRG1 protein-deficient; six were identified as SMARCA4/BRG1 protein–deficient lung adenocarcinomas, and three were SMARCA4/BRG1 protein-deficient thoracic sarcomas. The histology ranged from poorly differentiated to undifferentiated to rhabdoid. None of the cases showed significant expression of TTF1 or p40, and no actionable mutation was identified.
Conclusions: It is difficult to separate BRG1-deficient lung adenocarcinomas and thoracic sarcomas based on morphology alone. We
propose a diagnostic pathway for small biopsies of thoracic tumors to segregate these distinct entities so that they can be studied more
efficaciously for new biomarkers and therapeutic options.
Key Words: Adenocarcinoma; BRG1 protein; Lung; Non–small cell lung carcinoma; SMARCA4
Received: February 8, 2021 Revised: May 6, 2021 Accepted: May 10, 2021
Corresponding Author: Divya Bansal, MD, Department of Pathology, Rajiv Gandhi Cancer Institute and Research Centre (RGCIRC), New Delhi 110085, India
Tel: +91-9971869669, Fax: +91-11-27051037, E-mail: divyabansalrgci@gmail.com

Switch/Sucrose non-fermenter (SWI/SNF) multiprotein complex is an ATP-dependent chromatin remodeling factor. One important and core constituent of this multiprotein complex is the
brahma related gene 1 (BRG1) protein encoded by the SMARCA4 gene. The SMARCA4/BRG1 protein hydrolyzes ATP and
provides energy for unspooling DNA from the histone octamer,
allowing transcription to proceed [1-3]. The chromatin remodeling complex also plays an essential role in maintenance of stemness [4]. The pathogenesis and dedifferentiation of neoplasms
in various organs are linked increasingly to chromatin remodeling
by the SWI/SNF complex [5-7].
SMARCA4-inactivating mutations and consequent loss of
functional SMARCA4/BRG1 protein are observed in many tupISSN 2383-7837
eISSN 2383-7845

mor types [6-8] and are observed in 8.43% of non–small cell
lung cancers (NSCLC) [9-12]. Furthermore, SMARCA4/BRG1
protein–deficient thoracic sarcoma (SD-TS) is also recognized
more frequently, primarily due to rising awareness of its existence
[13-15]. There is uncertainty as to whether the histogenesis of
SD-TS represents undifferentiated/dedifferentiated carcinomas
or de novo genesis [16,17]. Overlapping histomorphology of
SMARCA4/BRG1 protein–deficient lung adenocarcinoma (SDLUAD), SD-TS, and other lung adenocarcinomas necessitates
more exhaustive immunophenotyping than allowed with the
current diagnostic pathway for small lung biopsy [18]. SMARCA4/BRG1 protein–deficient thoracic tumors (SD-TT) constitute a significant percentage of thoracic malignancies with rea-
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sonable fear of being inappropriately classified as non-small cell
carcinoma–not otherwise specified (NSCC-NOS) and subjected
to molecular testing. SD-TT are devoid of actionable molecular
targets and need to be distinguished and studied separately to determine the best standard of care for these highly aggressive and
rapidly lethal tumors and to save resources on unjustifiable predictive biomarker testing for NSCC-NOS. Moreover, SD-LUAD
and SD-TS must be separated properly to retain histogenetic fidelity and to develop suitable therapeutic modalities.
Here, we describe a series of SD-TT and share a new diagnostic
pathway to effectively segregate this distinct subset with proficient use of biopsied tissue and immunohistochemistry (IHC).

MATERIALS AND METHODS
Study place and study duration

The present study is an analysis of nine cases of SD-TT diagnosed at Rajiv Gandhi Cancer Institute and Research Center,
New Delhi, from 1 September 2020 to 15 January 2021. Clinicoradiological details were obtained from the electronic medical
records (EMR), and follow-up information was gathered either
through EMR or via telephone.
Study population

The current World Health Organization (WHO) guidelines
do not advocate extensive immunophenotyping beyond transcription termination factor 1 (TTF1) and p40 for classifying
small biopsy specimens from suspected lung cancers and classify
lung carcinomas as NSCC-NOS in the absence of both TTF1
and p40 [18]. SD-TT have been shown to be confined largely
to TTF1-negative/low expression NSCC [10,11,19]. We reaffirmed these findings using two tissue microarrays of 25 samples
of TTF1-negative and TTF1-positive NSCC subjected to BRG1
IHC testing. None of the TTF1-positive (moderate to strong
nuclear expression) NSCCs showed loss of BRG1 expression,
while eight of 25 cases of TTF1-negative NSCC showed loss of
BRG1 expression. With similar findings noted in the literature,
we applied additional IHC for BRG1 expression for this subset
of lung cancers to identify SD-TT starting in September 2020.
Nine such cases were identified to be BRG1 deficient. Of these,
eight were newly diagnosed, and one (case number 4) underwent repeat biopsy for programmed death–ligand 1 (PD-L1)
tumor proportion scoring after failure of multiple lines of cytotoxic therapy.

https://jpatholtm.org/

Immunohistochemistry

All lung biopsies and those from metastatic sites in patients
with suspected advance lung cancers were classified per WHO
(2015) guidelines [18] into NSCC-Adenocarcinoma (Ad Ca)/
favor adenocarcinoma, NSCC–squamous cell carcinoma (SCC)/
favor SCC, and NSCC-NOS using only p40 (clone BC28, readyto-use [RTU], Zytomed Systems, Berlin, Germany) and TTF1
(clone-SP141, RTU, Ventana, Tucson, AZ, USA) IHC. Those
classified as NSCC-NOS were tested for expression of SMARCA4/BRG1 protein (1:100, EPNCIR111A, Abcam, Cambridge,
UK). Cases with loss of BRG1 protein were classified as SD-TT
and further evaluated using an extended IHC panel of panCK
(1:200, AE1, AE3, 5D3, Zytomed), cytokeratin 7 (CK7; 1:200,
OV-TL 12/30, Thermo Fisher Scientific, Waltham, MA, USA),
epithelial membrane antigen (EMA; 1:50, E29, Dako, Santa
Clara, CA, USA), Hep Par 1 (OCHIE5, RTU, PathnSitu, Pleasanton, CA, USA), SALL4 (EP299, RTU, PathnSitu), SOX2
(1:100, SP76, Cell Marque, Darmstadt, Germany), CD34
(QBEnd10, RTU, Dako), synaptophysin (1:100, MRQ-40, Cell
Marque), SMARCB1/INI1 (MRQ-27, RTU, Cell Marque), and
E-cadherin (NCH-38, 1:100, Dako). Tissues were formalinfixed, paraffin-embedded, sectioned to 4 μm thickness, and
then fixed for 6–48 hours in neutral buffered formalin before
conventional tissue processing and staining by IHC. Antigen
retrieval at alkaline pH of 8.6 in Tris-EDTA buffer and further
staining steps were performed on an automated IHC staining
instrument (Benchmark XT, Ventana Medical Systems, Inc. [F.
Hoffmann-La Roche Ltd.]). The chromogenic signal was generated using the Ventana UltraView universal 3,3'-diaminobenzidine (DAB) detection kit (Ventana Medical Systems, Inc. [F.
Hoffmann-La Roche Ltd.]). All IHC stains were applied with
appropriate positive controls. For IHC analysis, moderate to
strong staining intensity in > 5% of tumor cells with nuclear
(TTF-1, p40, SOX2, and SALL4), cytoplasmic (panCK, CK7,
CD34, Hep Par 1, and synaptophysin), or membranous (EMA
and E-cadherin) pattern was considered positive. BRG1 immunostaining that exhibited a null phenotype in tumor cells with
strong nuclear staining in the stromal fibroblasts as well as the
endothelial and inflammatory cells was deemed as lost and defined
the SD-TT cohort.
Anaplastic lymphoma kinase 1 (ALK-1) protein expression
was assessed using a U.S. Food and Drug Administration (FDA)–
approved IHC assay employing anti-ALK (D5F3) rabbit monoclonal primary antibody with other proprietary components of the
Ventana ALK assay on the Ventana Benchmark XT Autostainer
(using the Ventana Optiview DAB and amplification kit).
https://doi.org/10.4132/jptm.2021.05.11
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PD-L1 expression testing was performed using rabbit AntiHuman PD-L1 monoclonal antibody (clone SP263) on the Ventana Benchmark XT, and partial or complete membranous expression of any intensity in ≥1% of tumor cells was considered
significant.
DNA extraction and polymerase chain reaction

A predictive biomarker search was performed for epidermal
growth factor receptor (EGFR) using the Qiagen EGFR Therascreen RGQ polymerase chain reaction (PCR) kit, an FDA-approved amplification refractory mutation system. Five sections of
4 μM each were collected in Eppendorf tubes by manual macrodissection to enrich tumor fraction wherever necessary. DNA
was extracted using the Qiagen DNeasy blood and tissue kit
(Hilden, Germany). The DNA was quality checked on the Qubit
fluorometer. Multiplexed reverse transcription PCR was carried
out on a ROTORGENE thermal cycler (Qiagen) in eight tubes
along with positive and no template controls. Interpretation was
conducted per the manufacturer’s instructions.
Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) analysis was performed on 4 μM formalin-fixed and paraffin-embedded tissue
sections following a standardized protocol that included pretreatment (dewax/proteolysis), denaturation, probe application,
and hybridization; application of 4',6-diamidino-2-phenylindole (DAPI)/antifade solution; and analysis of slides using Leica
fluorescent microscopy (DM6000B). ROS1 (ROS proto-oncogene 1, receptor tyrosine kinase) rearrangement was tested by
FISH using a dual-color break-apart probe (ZytoLight Spec ROS1,
ZytoVision, Germany) as previously described [20].
One case (case No. 1) was subjected to a targeted panel for
multigene profiling using the Oncomine focus assay on the Ion

A

Torrent Personal Genome Machine (Ion PGM, Thermo Fisher
Scientific). Reaffirmation of the next-generation sequencing
findings for copy number gain used FISH for c-MYC. The XL
MYC BA spectral orange-labeled probe hybridizing proximal
to the MYC gene region at 8q24.21 and a green-labeled probe
hybridizing distal to the MYC gene region at 8q24.21 were applied (Metasystems Probes GmbH, Altlussheim, Germany).
No centromeric probe was used. The number of c-MYC signals
per cell was counted in 100 tumor cells and averaged. c-MYC
copy number gain was defined as average copy number ≥ 3.0.

RESULTS
Clinical findings

A total of 110 cases of thoracic tumors was identified during
this period, of which nine (8.1%) were found to be SMARCA4
deficient. Six cases (case Nos. 1–6) were SD-LUAD, and three
(case Nos. 7–9) were SD-TS. Patient age ranged from 45–73
years, with a male to female ratio of 3.5:1. All cases of SD-LUAD
had history of smoking, lung mass, bulky lymphadenopathy,
and bony involvement. All cases of SD-TS had a significant history of smoking; two (case No. 7, case No. 9) had massive lung
disease (Fig. 1A), while one had mediastinal disease (case No. 8)
(Fig. 1B). All cases of SD-TS also had bulky lymphadenopathy.
However, no bony involvement was noted in any SD-TS patients.
The clinical features of SD-TT are summarized in Table1.
Pathological findings in SD-LUAD

The histopathologic characteristics of SD-LUAD are summarized in Table 2 (case Nos. 1–6) and shown in Fig. 2A–D. All
six cases of SD-LUAD had a solid pattern of growth in the biopsied material, while case No. 2 also showed a vague acinar pattern focally. One case (case No. 2) had an Indian file pattern of

B

Fig. 1. Axial computed tomography images of SMARCA4/BRG1 protein–deficient thoracic sarcoma (SD-TS). (A) Case No. 7 showed well defined intra-pulmonary mass on the left side, abutting the pleural margin. (B) Case No. 8 showed a well defined heterogeneously enhancing
mediastinal-based mass splaying the carina and abutting the right pulmonary artery, encasing the right main bronchus without invasion.
https://doi.org/10.4132/jptm.2021.05.11
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Table 1. Clinical features of SMARCA4/BRG1 protein-deficient thoracic tumors
Case
Age/Sex Smoking
No.

Biopsy site

Metastasis

TNM
stage

1

67/M

Present

Cervical lymph
node

Present

IV

2

47/M

Present

Pleura

Present

IV

3

65/F

Present

Present

IV

4

45/M

Present

Present

IV

5

73/F

Present

Left upper lobe
lung
Left upper lobe
lung (second
biopsy after
treatment failure)
Right iliac blade

Present

IV

6

66/M

Present

Present

IV

7

49/M

Present

Absent

IIIC

8

46/M

Present

Present

IV

9

60/M

Present

Absent

IIIC

Left scapular soft
tissue deposit
Left upper lobe
lung
Right parahilar
region
Right supraclavicular LN

Radiological findings

Treatment

Present status

Bilateral lung nodules, mediastinal and
cervical lymph nodes, skeletal and
adrenal metastasis
Pleura based mass, supraclavicular LAP,
rib and vertebral body
Left lung mass, pleural effusion,
mediastinal LAP, multiple bones
Centrally non-enhancing lung mass
(necrotic), mediastinal LAP,
vertebral body

Supportive care

Died, 7 days

Supportive care

Died, 15 days

1st cycle of platinum
doublet
Multiple lines of
chemotherapy

Alive

Left lung mass, mediastinal LAP, multiple
bone, brain and liver metastasis
Right lung mass, mediastinal and cervical
LAP, skeletal, adrenal
Left lung mass, mediastinal LAP,
supraclavicular LN
Right mediastinal mass, pleural effusion
and mediastinal LAP
Right lung mass mediastinal LAP,
supraclavicular LN

Supportive care

Died, 15 days

1st cycle of Platinum
doublet
Platinum doublet at
another centre
Platinum doublet at
another centre
Platinum doublet at
another centre

Alive

Died a month after 2nd
biopsy (OS, 23 mo)

Alive
Alive
Alive

M, male; LAP, lymphadenopathy; F, female; OS, overall survival; LN, lymph node.

growth that resembled lobular carcinoma of breast (Fig. 2C);
however, E-cadherin expression was intact, and none of the IHC
markers for breast cancer (GATA3, estrogen receptor, and progesterone receptor) were positive. Case Nos. 4 and 6 showed
multicell trabecular patterns (3–4 cell layer thick) reminiscent
of hepatocellular carcinoma. All tumors were characterized by
large constituent cells possessing eosinophilic to clear cytoplasm
(Fig. 2A, B). Scattered populations of rhabdoid cells were seen
in two cases (case Nos. 3 and 5) (Fig. 2D). Four cases (case Nos. 1,
2, 4, and 6) exhibited scattered cells with blue intracytoplasmic
mucin, which were mucicarmine positive (Fig. 2E).
The cytoplasmic margins of large polygonal cells were sharp
and mimicked squamous morphology. The nuclei were large
and irregularly contoured with cloudy chromatin. The rhabdoid
population of tumor cells showed well-described, eccentric nuclei
with prominent eosinophilic nucleoli and a cytoplasmic globule
filled with hyaline content (Fig. 2D). Mitosis was intense. Apoptosis and wide swaths of necrosis were common. All our cases
revealed inflamed stroma rich in lymphocytes and neutrophils
(Fig. 2D). Neutrophilic emperipolesis was observed in three
cases (Table 2).
The IHC profile of SD-LUAD is summarized in Table 3 and
shown in Fig. 2F–L. Cases Nos. 1, 2, 4, and 6 exhibited diffuse
positivity for CK, CK7, and BerEp4 (Fig. 2F–H) and variably
intense positivity for Hep Par 1 (Fig. 2I), but none of the cases
was positive for SOX2, CD34, or SALL4. Diffuse positivity for
https://jpatholtm.org/

CK7 and BerEp4 was consistent with adenocarcinoma appellation. Case Nos. 3 and 5 had strong CK and Hep Par 1 positivity
along with focal positivity for two of three markers of stemness
(SOX2, CD34, and SALL4), while both of them were negative
for CK7 and BerEp4. Cases that showed focal expression of
markers of stemness also had focal rhabdoid morphology.
Pathological findings in SD-TS

The histopathologic characteristics of SD-TS are summarized
in Table 2 (case Nos. 7–9) and shown in Fig. 3A–F. All three
cases had a solid pattern of growth with pure rhabdoid morphology seen in two cases (case Nos. 7 and 9) (Fig. 3D–F). One case
(case No. 8) had morphology similar to the features described
in SD-LUAD (Fig. 3A–C). None of these cases showed areas of
spindling, myxoid change, or any other feature that raised suspicion of sarcomatous histogenesis. Additional features noted in
SD-LUAD such as inflamed stroma, neutrophilic emperipolesis,
necrosis, brisk mitoses, and apoptosis were seen in these tumors
(Table 2, Fig. 3D, E). On IHC, all cases had weak focal positivity
for CK (Fig. 4A); two cases exhibited focal expression of CK7
(case Nos. 7 and 8) (Fig. 4B, C), and one case (case No. 9) showed
weak focal expression for EMA. Hep Par 1 (Fig. 4D) and synaptophysin (Fig. 4H) were focally expressed in case No. 7, and p40
was focally expressed in case No. 8. Case Nos. 7 and 8 showed
diffuse positivity for stem cell markers SALL4, SOX2, and CD34
(Fig. 4E–G) along with BRG1 loss (Fig. 4I), while case No. 9 had
https://doi.org/10.4132/jptm.2021.05.11
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A

B
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D

E
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G
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J

K

L

Fig. 2. Histology and immunohistochemistry images of SMARCA4/BRG1 protein–deficient lung adenocarcinoma (SD-LUAD). (A) Scanner
view of SD-LUAD. Note the solid pattern of growth with a sieved appearance. (B) The dry high-power view exhibits large cells with sharp
margins and scattered large signet ring cells that are regularly observed in this tumor type. Also note the bubbly cytoplasm of many cells
with indented nuclei. (C) The second case of SD-LUAD exhibited tumor cells arranged in an Indian file pattern. (D) The third case of SDLUAD showed with highly inflamed background and a solid growth pattern comprised of large rhabdoid cells. (E) Tumor cells showed intracytoplasmic mucin (arrow) highlighted by mucicarmine. (F, G) Tumor cells showed strong cytokeratin (CK) and CK7 immunoreactivity, respectively. (H) SD-LUAD expressed BerEp4, supporting the adenocarcinomatous histogenesis. (I) All SD-LUAD expressed varying degrees
of Hep Par 1. (J) Transcription termination factor 1 was universally absent. (K, L) No SD-LUAD exhibited BRG1 nuclear expression. Note the
strong nuclear reactivity for BRG1 in the inflammatory cells.

focal CD34 positivity in combination with BRG1 loss. SMARCB1/
INI1 was intact in all cases. Table 3 and Fig. 4 show the IHC of
SD-TS.
Molecular analysis

On molecular analysis, no actionable mutation in EGFR,
ALK-1, or ROS1 gene was identified in SD-TT (Table 3). The
targeted panel for biomarker detection in case No. 1 showed a
copy number gain of c-MYC gene to 7.46 against the normal
ploidy of 2, which was confirmed by FISH (copy number gain of
8.2 signals per cell). Significant PD-L1 (≥ 1%) expression was seen
in two cases (case Nos. 4 and 6) (Table 3).
Clinical outcome

Follow-up information was available for all cases of SD-LUAD
(Table 1). Three cases of SD-LUAD (case Nos. 1, 2, and 5) were
on supportive care and died within two weeks of diagnosis. One
https://doi.org/10.4132/jptm.2021.05.11

case (case No. 4), which was reclassified as SD-LUAD and had
received multiple lines of chemotherapy, died 23 months after
initial diagnosis and within one month of repeat biopsy. All cases of SD-TS opted for further treatment in their respective cities
and are alive, as learned telephonically. The duration of observation in this subgroup was 3–4 months, but the status of objective
response and nature of therapy are not known.

DISCUSSION
Mammalian SWI/SNF chromatin remodeling is dependent
on ATPase activity that resides in BRG1 or its ortholog brahma
[1,3,4]. Two thoracic tumors are caused by somatic loss of heterozygosity resulting from biallelic loss of SMARCA4, namely
SD-LUAD and SD-TS. The existing literature on these tumors
has brought greater awareness about clinicopathologic characteristics, prognosis, and therapeutic consequences [10-17].
https://jpatholtm.org/

312 • Mehta A et al.

Table 2. Histopathological profile of SMARCA4/BRG1 protein-deficient thoracic tumors
Case
No.
1

2

3

4

5

6
7
8

9

Architecturalpattern

Cell type

Cytoplasm

Diffuse with sieve
like appearance

Large polygonal with Eosinophilic with
scattered clear
mucin
cells
Indian file pattern Large polygonal with Eosinophilic with
mimicking lobular scattered clear
mucin
carcinoma breast cells
with few nests
and tubules
Solid
Large polygonal with Eosinophilic
with globular
scattered clear
cells scattered
inclusions
rhabdoid cells
Solid, trabecular
Large polygonal with Eosinophilic with
scattered clear
mucin
cells
Solid
Large polygonal with Eosinophilic
with globular
scattered clear
cells, scattered
inclusions
rhabdoid cells
Large polygonal with Eosinophilic with
Solid,
trabecular
scattered clear
mucin
cells
Solid
Pure rhabdoid
Globular
inclusions
Solid
Large polygonal with Eosinophilic
scattered clear
with globular
cells
inclusions
Solid
Pure rhabdoid
Globular
inclusions

Nuclear features

Stroma

Cloudy chromatin Inflamed

Fragile looking
chromatin with
indented nuclei

Emperipolesis
Present

Desmoplasia
Absent
with moderate
inflammation

Necrosis

Mitoses
(/10 hpf)

Present,
extensive

24

Focal

12

> 50

Indented nuclei, Inflamed
and prominent
eosinophilic
nucleoli
Cloudy chromatin Inflamed

Absent

Present

Present

Present,
extensive

30

Inflamed

Present

Present,
extensive

30

Absent

Focal

15

Present

Absent

30

Absent

Present,
extensive

> 50

Absent

Present,
extensive

> 50

Fragile looking
chromatin with
indented nuclei

Cloudy chromatin Desmoplasia
with mild
inflammation
Cloudy chromatin Markedly
inflamed
Fragile looking
Inflamed
chromatin with
indented nuclei
Cloudy chromatin Inflamed

hpf, high-power field.

A

B

C

D

E

F

Fig. 3. Histology images of cases. (A–C) Case No. 8 of SMARCA4/BRG1 protein–deficient thoracic sarcoma (SD-TS) showed a diffuse
growth pattern. The constituent cells are large, and some have clear cytoplasm. Nuclei are irregular. (D, E) The stroma is inflamed in SD-TS.
(E, F) Two cases (cases No. 7 and 9) revealed tumors with diffuse growth but obvious rhabdoid morphology of spheroidal cytoplasm, eccentric nuclei, and globoid inclusions.
https://jpatholtm.org/
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A

B

C

D

E

F

G

H

I

Fig. 4. Immunophenotype of SMARCA4/BRG1 protein–deficient thoracic sarcoma (SD-TS). (A) Weak expression of pan-cytokeratin (CK)
was observed in all cases of SD-TS. (B) Weak CK7 immunoreactivity was noted in case No. 7. (C) Focal strong CK7 staining is seen in case
No. 8. (D) Case No. 7 expressed weak and focal Hep Par 1. (E–G) Expression of stemness markers of SALL4, SOX2, and CD34, respectively. (H) Expression of synaptophysin in case No. 7 of SD-TS. (I) Lack of nuclear expression of BRG1 defining BRG1 loss. Note the intense
staining of stromal and inflammatory cells.
Table 3. Ancillary testing results of SMARCA4/BRG1 protein-deficient thoracic tumors

SOX2

CD34

p40

PD-L1
Status of predictive
membranous exbiomarker
BRG1
pression (% positivity
(EGFR, ALK-1,
in tumor cells and
ROS1)
intensity)

Neg

Neg

Neg

Loss

Neg
Neg
Neg
Neg
Neg
Neg
Focal
Pos
Neg

Case
No.

CK

CK7

EMA

TTF1 Hep Par 1 SALL4

1

Pos

Pos

Pos

Neg

Pos

Neg

2
3
4
5
6
7

Pos
Pos
Pos
Pos
Pos
Weak,
focal Pos
Weak,
focal Pos
Weak,
focal Pos

Neg
Neg
Neg
Neg
Neg
Neg

Pos
Pos
Pos
Pos
Pos
Focal Pos

Neg
Neg
Neg
Neg
Neg
Pos

Neg

Neg

Pos

Pos

Pos

Neg

Neg

Neg

Neg

Focal Pos

8
9

Pos
Pos
Neg
Focal Pos
Pos
Pos
Neg
Focal Pos
Pos
Pos
Weak,
Neg
focal Pos
Strong,
Neg
focal Pos
Neg
Weak,
focal Pos

Neg
Neg
Pos
Focal Pos
Neg
Neg
Focal Pos
Pos
Neg
Neg
Pos
Pos

<1

Loss
Loss
Loss
Loss
Loss
Loss

Negative
c-MYC-copy
number gain 7.46
Negative
Negative
Negative
Negative
Negative
Negative

<1
<1
60
<1
70
<1

Loss

Negative

<1

Loss

Negative

<1

CK, cytokeratin; EMA, epithelial membrane antigen; TTF1, transcription termination factor 1; EGFR, epidermal growth factor receptor; ALK-1, anaplastic lymphoma kinase 1; PD-L1, programmed death–ligand 1; Pos, positive; Neg, negative.
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In a recently published, large series on SD-TT, the majority
of cases was male, chronic smokers, and ranged in age from 30–
80 years (mean, 58 years). Most had large thoracic mass with
bulky lymphadenopathy, and nearly all patients had stage IV
disease with bone metastasis [17]. Seven of our nine cases of SDTT were also male, middle aged to elderly, and chronic smokers.
Similarly, all our SD-LUAD cases had significant lung mass and
stage IV disease with bony metastasis. A surprising observation
in our cohort was lack of bone metastasis in SD-TS, whereas all
cases of SD-LUAD had extensive bone involvement. This observation contradicts the dedifferentiation hypothesis [14,16]
for emergence of SD-TS from SD-LUAD, though weak expression of epithelial markers in SD-TS and stem cell markers in SDLUAD suggest the possibility of transition from SD-LUAD to
SD-TS.
Morphological patterns of SD-LUAD have been recognized,
from less common, well-differentiated to more common, poorlydifferentiated malignant tumors [11]. All our cases had a predominant solid growth pattern with scattered clear to signet ring cells
and inflamed stroma, similar to the findings seen in other studies
[11,12]. Scattered cells with intracytoplasmic mucin were noted in four of six cases. This observation replicates the findings of
Agaimy et al. [11]. Two cases with trabecular pattern of TTF1
negativity and Hep Par 1 expression, could easily be misinterpreted as hepatoid adenocarcinomas or hepatocellular carcinomas
without BRG1 testing. We contend that all cases of malignancy
of unknown origin (MUO) with hepatoid immunophenotype be
tested for lack of BRG1 expression to correctly diagnose SDTT. However, the aberrant expression of Hep Par 1 has not been
explained well in the existing literature and is possibly a result
of extensive chromatin remodeling associated with SMARCA4
loss. SD-LUAD tumors were negative for p40, TTF1, Napsin A,
neuroendocrine markers, and CK5/6 but expressed CK7 in four
of the six cases and Hep Par 1 and EMA in all cases, which was
in line with observation from other studies [10-12]. Two cases
of SD-LUAD (case Nos. 3 and 5) with scattered rhabdoid cells,
despite showing diffuse positivity for CK, were negative for CK7
and had weak and focal Hep Par 1 expression and weak SOX2
and CD34, which placed them between SD-LUAD and SD-TS.
These cases represent a possible transition toward SD-TS and
support the concept of a biologic continuum between these tumors
[17,19]. Notably, CK and EMA expression levels were strong in
these two cases, unlike the other SD-TS, allowing us to categorize
them as SD-LUAD.
The prevailing literature remains controversial as to whether
SD-TS represent a distinct entity and, if so, whether there is an
https://jpatholtm.org/

evolutionary relation between SD-LUAD and SD-TS [14,16,17].
There are no unambiguous clinico-radiological or histopathological findings to differentiate between them [10-17]. Perret
et al. [14] proposed criteria for SD-TS of 1) rhabdoid or poorly
differentiated phenotype; (2) complete loss of expression of
SMARCA4 and SMARCA2; and (3) focal or diffuse expression of
at least two of the following markers: SOX2, CD34, or SALL4.
SD-TS patients in our case series had dominance of rhabdoid
tumor cells, but the overall morphology was indistinguishable
from that of SD-LUAD. No spindle cell cytology, myxoid alterations, or a known growth pattern exclusive to sarcomatous
histogenesis was observed. Separation from the latter was achieved
solely by immunophenotyping, which revealed diffuse and strong
staining for stem cell markers CD34, SOX2, and SALL4 and focal
staining for keratin and Hep Par 1 in SD-TS in two of the three
cases. Also, these two cases had no expression of EMA. The third
case had undifferentiated round cell to rhabdoid morphology
with BRG1 loss but focal staining for CD34 and CK and weak,
focal staining for EMA. In such cases, other tumors like epithelioid mesotheliomas, which can show BRG1 loss, must be excluded
by clinico-radiological features and negativity for other mesothelial
markers (CK5/6, calretinin, and WT1) [14]. Further, complete
absence or weak focal presence of EMA with focal positivity for
CK helps to exclude sarcomatoid/undifferentiated carcinomas.
Predictive biomarker testing for sensitizing EGFR mutation
and ALK-1 and ROS1 rearrangement was negative in all SD-TT
cases in this cohort. Case No. 1, which was tested by massively
parallel sequencing for broad predictive biomarkers, showed
copy number gain for c-MYC but none of the actionable genetic
alterations. Lack of currently druggable genetic alterations is
the hallmark of SD-LUAD. This finding in our series is a reiteration of similar findings in previous studies [19,21]. This confirms
the futility of expensive biomarker testing in this subset of lung
adenocarcinoma and highlights the need to filter such cases upfront to avoid wasting effort and resources. Furthermore, for these
tumors with a different biology and an aggressive course with no
actionable drivers yet, a better understanding of their mechanistic nuances with new and efficacious therapeutic options are
needed [22], some of which such as EZH2 inhibitors [23] and
immune check point inhibitors [24,25] have started emerging. To
fulfill the referred objective of differentiating SD-TT from NSCCNOS, we followed a simple tissue proficient diagnostic schema as
shown in Fig. 5.
There are certain limitations in the present study. First, the number of cases studied is small. Second, the study only confirmed that
BRG1 loss is confined to TTF1-negative NSCLC based on small
https://doi.org/10.4132/jptm.2021.05.11
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Small biopsy lung
(n = 110)
Exclude salivary gland tumors,
small cell carcinoma, and carcinoid
(n = 12)

Acinar, papillary,
micropapillary,
lepidic morphology

Keratin pearls or
distinct intercytoplasmic
bridges

NSCC-Ad Ca
(n = 21)

NSCC-SCC
(n = 11)

Solid,
non-distinctive
morphology
IHC for p40 and TTF1
(n = 66)

p40 +
NSCC-favor SCC
(n = 18)

TTF1 +
NSCC-favor
Ad Ca
(n = 31)

Both negative
(n = 17)

IHC for BRG1
Retained
NSCC-NOS
(n = 8)

Lost
(n = 9)
CK, CK7, Hep Par 1,
SALL4, SOX2, CD34

Weak or absent CK, CK7, and
Hep Par 1
Strong expression of
SALL4/SOX2/CD34
SMARCA4 deficient thoracic
sarcoma
(n = 3)

Strong, CK, CK7 and Hep Par 1
with weak or absent SALL4,
SOX2 and CD34
SMARCA4 deficient lung
adenocarcinoma
(n = 6)

Fig. 5. Diagnostic schema for SMARCA4/BRG1 protein-deficient thoracic tumors. NSCC-Ad Ca, non-small cell carcinoma adenocarcinoma;
SCC, squamous cell carcinoma; IHC, immunohistochemistry; TTF1, transcription termination factor 1; CK, cytokeratin.

tissue microarray and might not agree with all existing literature [10]. Third, no confirmatory molecular testing targeting
SMARCA4 gene mutation was performed. Fourth, the diagnostic pathway requires extensive use of IHC to separate SD-TT into
SD- LUAD and SD-TS once BRG1 loss is established. However,
such extension of IHC is acceptable in the BRG1-deficient subset
that lacks actionable biomarkers and omits biomarker testing
without therapeutic impact.
To conclude, SD-LUAD and SD-TS are difficult to differentiate from each other and from other NSCLC based on morphology
alone. They are likely to be reported as NSCC-NOS with immunonegativity to p40 and TTF1, necessitating biomarker testing
with a waste of time and resources. We argue that the diagnostic pathway presented here can help to diagnose such cases so that
they can be studied more effectively for new biomarkers and therhttps://doi.org/10.4132/jptm.2021.05.11

apeutic techniques. Overall, this study highlights the need and
method of delineating SD-TT in reporting of small biopsy for
NSCLC and shares a useable workflow to clarify tumor type. Finally, awareness of this entity can help prevent misdiagnosis of
MUO as hepatic or hepatoid carcinomas with consequent negative effects.
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Proto-oncogene Pokemon in thyroid cancer: a potential promoter
of tumorigenesis in papillary thyroid carcinoma
Kyungseek Chang, Sung-Im Do, Kyungeun Kim, Seoung Wan Chae, In-gu Do, Hyun Joo Lee, Dong Hoon Kim, Jin Hee Sohn
Department of Pathology, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: Pokemon is an oncogenic transcription regulator that plays a critical role in cellular differentiation. Although it has been
found to be overexpressed in several types of cancer involving different organs, its role in thyroid gland has yet to be reported. The objective of this study was to evaluate the expression of Pokemon in papillary thyroid carcinoma (PTC) based on clinicopathological parameters. Methods: Tissue microarray samples derived from patients with PTC or benign thyroid disease were used to evaluate Pokemon expression based on immunohistochemical analysis. Correlations of its expression with various clinicopathological parameters
were then analyzed. Results: Pokemon expression was observed in 22.0% of thyroid follicular cells from the normal group, 44.0% from
the group with benign thyroid diseases, and 92.1% from the group with PTC (p < .001). The intensity of Pokemon expression was markedly higher in the PTC group. Pokemon expression level and PTC tumor size showed an inverse correlation. T1a tumors showed strong
expression levels of Pokemon. However, larger tumors showed weak expression (p = .006). Conclusions: Pokemon expression is associated with tumorigenesis of PTC, with expression showing an inverse correlation with PTC tumor size. This might be related to the negative regulation of aerobic glycolysis by Pokemon.
Key Words: Pokemon; ZBTB7A; Papillary thyroid carcinoma; Thyroid neoplasms
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Thyroid cancer is the most common endocrine malignancy.
It represents 1% of all malignancies [1]. Papillary thyroid carcinoma (PTC) is the most common cancer among these malignant
tumors, accounting for about 85% of thyroid cancers. Patients
with PTC have an excellent prognosis with a 10-year survival
rate greater than 90% [1]. One single institutional long-term
follow-up study in 2018 reported that 10-, 15-, and 20-year
overall survival rates of PTC patients were 97%, 95%, and 90%,
respectively [2]. However, some PTCs display aggressive features.
Several clinicopathological parameters such as old age, large tumor
size, presence of extrathyroidal extension, and cervical lymph node
metastasis have been suggested as poor prognostic factors [3,4].
Recent studies have identified specific molecular alterations
involved in the formation of PTC [5], including BRAF V600E
mutations and changes in mitogen-activated protein kinase
pathway, RAS mutations and changes in phosphoinositide 3 kinase-AKT (PI3K-AKT) pathway, RET/PTC rearrangement,
pISSN 2383-7837
eISSN 2383-7845

PAX8/PPARγ rearrangement and changes in PTEN-activated
PI3K-AKT pathway, and TRK rearrangements [5]. Pokemon
(POK erythroid myeloid ontogenic factor), also known as ZBTB7a (zinc ﬁnger and BTB domain-containing protein 7a) or
FBI-1 (factor binding inducer of short transcripts of human immunodeficiency virus type 1), is a transcriptional regulator that
belongs to the POK protein family. It plays a critical role in cellular differentiation [6,7]. Pokemon protein is a transcriptional
regulator of several genes. Pokemon can specifically repress the
transcription of the tumor suppressor gene ARF via direct binding [6]. Genes such as RB1 [8], CDKN1A [9], nuclear factorkB responsive genes [10], survivin [11], CDK2 and E2F4 [12],
ADH5/FDH [13], and FASN [14] are also regulated by Pokemon. Dysfunctional POK proteins can cause disorders in cellular development and trigger oncogenic processes [6]. Overexpression of Pokemon has been detected in several types of cancer,
such as breast cancer, liver cancer, prostate cancer, and malig-
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nant glioma [6,11,15-17]. However, the carcinogenic effect of
Pokemon overexpression in thyroid gland has yet to be reported.
Thus, the objective of this study was to analyze the expression
of Pokemon in PTC and evaluate correlations between Pokemon expression and clinicopathological parameters of PTC using
tissue samples obtained from 90 cases of PTC and 25 cases of
benign thyroid disease.

MATERIALS AND METHODS
Tissue specimens

We selected 90 cases of PTC and 25 cases of benign thyroid
diseases such as nodular hyperplasia, follicular adenoma, Hashimoto’s thyroiditis, and Graves’ disease from archival cases in
Kangbuk Samsung Hospital (Seoul, Republic of Korea). Controls
included 68 normal thyroid tissues identified from selected cases.
Tissues resected by surgeons were examined by pathologists before fixation in 10% neutral-buffered formalin for 12–24 hours,
followed by thorough macroscopic evaluation and sectioning.
After automatic tissue processing, sections were embedded in
paraffin blocks. Four-micrometer-thick sections were cut from
each formalin-fixed, paraffin-embedded (FFPE) tissue block using
a rotary microtome, stained with hematoxylin and eosin, covered
with a glass coverslip, followed by analysis and diagnosis by two
board-certified pathologists. Clinical and pathological information were obtained from pathology reports and electrical medical
information systems. Information collected included age, sex,
multifocality, the greatest dimension of the tumor, presence of
lymphovascular invasion, extrathyroidal extension, lymph node
metastasis, number of metastatic lymph nodes, BRAF mutational
status, and presence of background thyroiditis. One out of these
90 PTC patients was excluded from statistical analysis due to
insufficient data (Table 1).
Tissue microarray construction

Tissue microarray (TMA) blocks were constructed in following orders. Briefly, all hematoxylin and eosin-stained slides were
reviewed and the two most representative tumor areas were
marked on the corresponding FFPE tissue blocks. Two 2-mmdiameter tissue cores were obtained from each block and manually arrayed into recipient TMA blocks. Only one 2-mm-diameter tissue cores were obtained from blocks with largest tumor
size less than 5 mm. The assembly was held in an X-Y position
with a 1-mm increment between individual cores. Modified biopsy needle was used to bore holes in a recipient block with defined array cores and to transfer the cores into the recipient block.
https://jpatholtm.org/

Table 1. Clinicopathological parameters of subjects in the PTC
group
Value (n = 89)
43.41 ± 12.14

Age (yr)
Sex
Female
Male
Tumor size (cm)
≤1
>1
Lymph node metastasis
0 (absent)
≥ 1 (present)
Lymphovascular invasion
Absent
Present
Extrathyroidal invasion
Absent
Present
No. of tumors
1 (single)
≥ 2 (multiple)
BRAF V600E mutation
Wild type
Mutant
Not obtained
Background thyroiditis
None
Thyroiditis

61 (68.5)
28 (31.5)
1.08 ± 0.94
61 (68.5)
28 (31.5)
36 (40.4)
53 (59.6)
87 (97.8)
2 (2.2)
40 (44.9)
49 (55.1)
68 (76.4)
21 (23.6)
8 (8.9)
49 (55.1)
32 (36.0)
61 (68.5)
28 (31.5)

Values are presented as mean ± SD or number (%).
PTC, papillary thyroid carcinoma.

The percentage of tumor volume in each core was > 70%. Two
TMA blocks were prepared for each case.
Immunohistochemistry

Immunohistochemical staining was performed using the
Bond Polymer Refine Detection kit (Leica Biosystems, Newcastle upon Tyne, UK) in the Bond-Max automatic immunostainer (Leica Biosystems). ZBTB7A/Pokemon antibody (1:200,
clone, Novus Biologicals, Littleton, CO, USA) was used as the
primary antibody. Immunohistochemical slides were independently evaluated by two pathologists (SID and SWC). Discrepant cases were reviewed. Pokemon expression was interpreted as
positive if the cell showed positivity in either the nucleus or the
cytoplasm. The intensity of expression was defined as negative,
weakly positive, or strongly positive (Fig. 1). Immunohistochemical expression (× 200) of Pokemon in thyroid tissues from
normal (Fig. 1A–C), benign thyroid disease (Fig. 1D–F), and
PTC (Fig. 1G–I) groups. Pokemon expression intensity is interpreted as negative (Fig. 1A, D, G), weakly positive (Fig. 1B,
https://doi.org/10.4132/jptm.2021.06.28
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Negative

Weakly positive

Strongly positive

Normal

A

B

C

D

E

F

G

H

I

Benign

PTC

Fig. 1. Immunohistochemical expression of Pokemon in thyroid tissues of normal (A–C), benign thyroid disease (D–F), and PTC (G–I) groups.
Pokemon expression intensity is interpreted as negative (A, D, G), weakly positive (B, E, H), or strongly positive (C, F, I).

E, H), or strongly positive (Fig. 1C, F, I). It was determined using
TMA cores of those with PTCs (n = 89) or benign thyroid diseases (n = 25). Pokemon expression intensity of normal thyroid
tissue was determined in adjacent normal follicular cells where
present, if the TMA core carried an identifiable portion of normal thyroid tissue (n = 68).

at 63°C for 30 seconds, and extension at 72°C for 1 minute.
Ampliﬁed PCR products were loaded onto a 2% agarose gel and
visualized with a SafeView Nucleic Acid Stain (Applied Biological
Materials, Richmond, BC, Canada). The BRAF V600E mutation
was detected using a Gel Documentation System (Bio-Rad Laboratories, Hercules, CA, USA).

Detection of BRAF mutation

Statistical analysis

To detect BRAF V600E mutation, nucleic acids were isolated
from FFPE tissues using a DNeasy Blood and Tissue Kit (Qiagen,
Hilden, Germany). Isolated nucleic acids were mixed with a
polymerase chain reaction (PCR) master mix using a Seeplex
BRAF V600E ACE Detection Kit (Seegene, Seoul, Republic of
Korea). These mixtures were then immediately transferred to a
preheated thermal cycler for 15 minutes. PCR was carried out
in a GeneAmp PCR System 9700 (Applied Biosystems, Foster
City, CA, USA). The cycling ampliﬁcation program consisted
of 35 cycles of denaturation at 94°C for 30 seconds, annealing

Pearson’s Chi-square test was performed to compare Pokemon
expression intensities in thyroid tissues of PTC, benign thyroid
disease, and normal groups. It was also used to analyze associations between Pokemon expression intensity and clinicopathological characteristics. Clinical significance was determined using
Kruskal-Wallis test (nonparametric method), linear-by-linear
association test, and Pearson’s chi-square test. All statistical analyses were performed using SPSS for windows ver. 24.0 (IBM
Corp., Armonk, NY, USA). Statistical significance was considered when p-value was less than .05.

https://doi.org/10.4132/jptm.2021.06.28
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Pathologic TNM staging

Pathologic TNM staging was referred to American Joint Committee on Cancer 8th edition of the Cancer Staging Manual for
PTC. Pathologic T categories included the following: T1a, tumor
≤ 1 cm in the greatest dimension limited to the thyroid; T1b,
tumor > 1 cm but ≤ 2 cm in the greatest dimension, limited to
the thyroid; T2, tumor > 2 cm, but ≤ 4 cm in the greatest dimension, limited to thyroid; T3a, tumor > 4 cm limited to the thyroid;
T3b, gross extrathyroidal extension invading only strap muscles
(sternohyoid, sternothyroid, thyrohyoid, or omohyoid muscles)
from a tumor of any size; and T4, gross extrathyroidal extension
beyond strap muscles. Pathologic N categories included the following: N0, no evidence of locoregional lymph node metastasis;
N0a, one or more cytologically or histologically confirmed benign lymph nodes; N1, metastasis to regional nodes; N1a, metastasis to level VI or VII (pretracheal, paratracheal, or prelaryngeal/Delphian, or upper mediastinal) lymph nodes; and N1b,
metastasis to unilateral, bilateral, or contralateral lateral neck
lymph nodes (levels I, II, III, IV, or V) or retropharyngeal lymph
nodes.

larly, the difference in Pokemon expression intensity between
benign thyroid disease and PTC was significant (p < .001).
Pokemon expression intensity in PTC showed significant
correlations with tumor size and corresponding pathologic T
category groups (Table 3). Reduced mean tumor size was significantly associated with stronger Pokemon expression intensity (p =
.002). Tumor size and TNM stage were also significantly associated with Pokemon expression intensity. When the tumor
size was divided into three groups by a separation point at 0.5
cm and 1 cm, a tumor size less than 0.5 cm was associated with
Pokemon expression intensity stronger than 66%. However,
increased tumor size was associated with less strong or no Pokemon expression intensity (p = .028). Tumor size categorized by
conventional TNM staging, excluding T3b and T4 groups for
gross extrathyroidal extension to and beyond strap muscles,
showed evident negative concordance with Pokemon expression
intensity (p = .010). T1a group was associated with expression
greater than 66%, whereas groups T1b, T2, and T3a were collectively associated with no or weak expression (p = .006). Other
clinicopathological parameters did not show any significant association with Pokemon expression intensity.

RESULTS
DISCUSSION
With collected information shown in Table 1, Pokemon expression intensities in thyroid tissues of normal, benign thyroid
disease, and PTC groups were determined (Table 2). Statistically significant (p < .001) differences in Pokemon expression positivity were observed between normal thyroid tissues (22.0%)
and thyroid tissues from patients with benign thyroid disease
(44.0%) or PTC (92.1%). Results of Pearson’s chi-square test
for Pokemon expression intensity in normal, benign, and PTC
groups are shown in Supplementary Tables S1–S3. The difference
in Pokemon expression intensity between normal and benign
thyroid disease groups was statistically significant (p = .035).
The difference in Pokemon expression intensity between normal
and PTC groups was also statistically significant (p < .001). SimiTable 2. Pokemon expression intensities in thyroid tissues of normal, benign thyroid disease, and PTC groups
Pokemon expression
intensity
Negative
Weakly positive
Strongly positive

Normal
(n = 68)

Benign
(n = 25)

PTC
(n = 89)

53 (78.0)
13 (19.1)
2 (2.9)

14 (56.0)
7 (28.0)
4 (16.0)

7 (7.9)
30 (33.7)
52 (58.4)

p-value
< .001

Values are presented as number (%).
Statistical analysis was performed using linear-by-linear association test.
PTC, papillary thyroid carcinoma.
https://jpatholtm.org/

Pokemon can act as a genuine proto-oncogene in vivo [6]. It
can repress the expression of tumor suppressor protein ARF [6].
ARF is a negative regulator of the E3 ubiquitin-protein ligase
MDM2 which participates in the degradation of p53 via ubiquitin-dependent degradation by the proteasome. Reduced ARF
levels can stimulate cell proliferation by decreasing the stability
and activity of p53 via MDM2 [6]. Pokemon expression in malignancy is generally related to poor cancer outcome in various organs.
It promotes tumorigenesis, acting as a pro-oncogene by repressing or enhancing the expression of genes involved in apoptosis,
cell proliferation, and differentiation [18]. For example, Pokemon expression can promote breast cancer progression by upregulating survivin expression [11]. In the nasopharynx, high
Pokemon protein expression is closely associated with non-keratinizing nasopharyngeal carcinoma [19]. In the liver, suppression of Pokemon can impair the invasion of hepatocellular carcinoma (HCC) cells [20]. However, to the best of our knowledge,
contribution of Pokemon to thyroid malignancy has yet to be
reported.
Pokemon expression intensity showed a statistically significant (p = .035) difference between normal and benign thyroid
disease groups in the present study. Although Pokemon expreshttps://doi.org/10.4132/jptm.2021.06.28
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Table 3. Correlations of Pokemon expression intensity with clinicopathological parameters in PTC
Variable
Age (yr)
Sex
Female
Male
Mean tumor size (cm)
Tumor size (cm)
≤ 0.5
> 0.5 and ≤ 1
>1
T category by group
T1a
T1b, T2, T3a
T category
T1a
T1b
T2
T3a
N category
N0
N1a
N1b
Lymphovascular invasion
Negative
Positive
Extrathyroidal invasion
Negative
Positive
Number of tumors
Single
Multiple
Background disease
None
Thyroiditis
BRAF mutation
Wild type
Mutant

Pokemon expression intensity
Negative (n = 7)

Weak expression (n = 30)

Strong expression (n = 52)

39.0 ± 9.3

43.4 ± 12.8

43.5 ± 11.7

4 (57.1)
3 (42.9)
2.1 ± 1.7

21 (70.0)
9 (30.0)
1.0 ± 0.8

36 (69.2)
16 (30.8)
0.9 ± 0.4

0�
1 (14.3)
6 (85.7)

8 (26.7)
14 (46.7)
8 (26.7)

11 (21.2)
27 (51.9)
14 (26.9)

1 (14.3)
6 (85.7)

22 (73.3)
8 (26.7)

38 (73.1)
14 (26.9)

1 (14.3)
4 (57.1)
1 (14.3)
1 (14.3)

22 (73.3)
7 (23.3)
0� � � � � �
1 (3.3)

38 (73.1)
13 (25.0)
1 (1.9)
0 �����

2 (28.6)
4 (57.1)
1 (14.3)

10 (33.3)
15 (50.0)
5 (16.7)

24 (46.2)
26 (50.0)
2 (3.8)

7 (100)
0�

28 (93.3)
2 (6.7)

52 (100)� �
0 �����

1 (14.3)
6 (85.7)

14 (46.7)
16 (53.3)

25 (48.1)
27 (51.9)

6 (85.7)
1 (14.3)

24 (80.0)
6 (20.0)

38 (73.1)
14 (26.9)

6 (85.7)
1 (14.3)

20 (66.7)
10 (33.3)

35 (67.3)
17 (32.7)

0�
3 (100)

1 (5.6)
17 (94.4)

7 (19.4)
29 (80.6)

p-value
.678
.793

.018
.028

.006

.010

.306

.134

.234

.647

.594

.296

Values are presented as mean ± SD or number (%).
Statistical analysis of patient age and mean tumor size was performed using Kruskal-Wallis test. Statistical analysis of other clinicopathological parameters
was performed using Pearson’s chi-square test. T category was referred to American Joint Committee on Cancer 8th edition of the Cancer Staging Manual
for papillary thyroid carcinoma.
PTC, papillary thyroid carcinoma.

sion was positive in 44% of patients with benign thyroid disease
regardless of its expression intensity, it was more significantly
(p < .001) associated with PTC than with benign thyroid disease (Table 2). Pokemon overexpression has also been observed
in several malignancies, such as T and B cell lymphomas in
transgenic mice model via direct binding of Pokemon and the
tumor suppressor gene ARF [6], prostate carcinoma via increased Pokemon expression stimulated by epidermal growth
factor [16], ovarian carcinomas of all four major histological
https://doi.org/10.4132/jptm.2021.06.28

types (serous, endometrioid, clear cell, and mucinous) via elevated RNA transcription [21], breast carcinoma by upregulating
survivin, a member of the inhibitor of apoptosis proteins [11].
However, the mechanism which Pokemon overexpression leads
to tumorigenesis of PTC remains to be investigated.
When Pokemon expression intensity was compared according to mean PTC tumor size, stronger expression levels were observed in smaller tumors (0.9 ± 0.4 cm), whereas larger tumors
(2.1 ± 1.7 cm) showed absent or weak expression. These inverse
https://jpatholtm.org/
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correlations were evident according to the T category of the tumor when T1a group was compared with the combined group
of T1b, T2, and T3a (p = .006) (Table 3). These results were
contrary to results of several previous studies of tumors involving various organs, where Pokemon expression was positively
correlated with tumor size or T category of breast carcinomas
[11], HCC [22], or non-small cell lung cancer [23]. These combined results of particularly strong Pokemon expression in smallsized tumors suggest that Pokemon might play an important
role in malignant transformation of thyroid cells and in the early
stage of PTC tumor formation, while it might have a diminished
role as the tumor grows in size.
Such inverse correlation between Pokemon expression and
tumor size has also been observed in oropharyngeal squamous
cell carcinoma (OSCC) which shows a higher relative expression
in smaller tumors (< 2 cm) and lower to no expression in larger
tumors (≥ 4 cm) [18]. Although the distribution of Pokemon
expression is lower in OSCC than in normal oral mucosa, Sartini et al. [18] have suggested that the downregulation of Pokemon might be related to tumor progression. Presumably, our
results suggest such downregulation.
Aerobic glycolysis (the Warburg effect) is a hallmark of human cancer. It plays a crucial role in tumor growth [24]. Receptor tyrosine kinase/PI3K/AKT signaling and MYC act as progrowth signaling factors that can upregulate aerobic glycolysis.
However, Liu et al. [25] have reported that Pokemon, a protooncogene, unexpectedly can act as a tumor suppressor by directly binding to the promoter and repressing the transcription
of genes responsible for glycolysis metabolism, such as GLUT3,
PFKP, and PKM. As a result, a significant decrease in Pokemon
copy number variation was observed in several types of human
carcinoma in the late stage (N1, N2, N3, M1, stage IV) than in
early stage (N0, M0, stage I), including esophageal carcinoma,
bladder urothelial carcinoma, colorectal adenocarcinoma, lung
squamous cell carcinoma, cutaneous melanoma, and low-grade
glioma [25]. We believe that the mechanism underlying the
inverse correlation between Pokemon expression and tumor size
of PTC might be related to the unexpected negative regulation
of aerobic glycolysis by Pokemon.
Regardless of its contrasting behavior in PTC, Pokemon itself is associated with malignant transformation of tumors in
various organs. High levels of Pokemon expression in patients
with early stages of PTC may potentially be used for screening
and identifying malignancies involving other organs.
Our study was performed at a single institution with PTC
cases retrieved from a two-year period, which invariably resulted
https://jpatholtm.org/

in limitations involving the follow-up period of patients with
PTC and their survival rates. A multi-institutional study with
ethnic and racial diversity is needed to further investigate the
effect of Pokemon on PTC. Larger patient groups might be
needed to elucidate the effect of Pokemon on parameters showing
statistical insignificance in the present study. A long-term survival study may provide further insight into the effect of Pokemon on long-term outcomes of PTC, one of the most common
malignancies worldwide.
In summary, Pokemon overexpression (when compared to
normal thyroid tissues) is associated with formation of PTC and
benign thyroid diseases. A smaller PTC tumor shows stronger
Pokemon overexpression, which supports the hypothesis that
Pokemon overexpression can lead to tumorigenesis of PTC.
However, a larger PTC tumor may be associated with Pokemon
downregulation, which may be related to tumor progression.
Targeting Pokemon in early stages could be effective in suppressing PTC formation and potentially facilitate treatment.
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Supplementary Table S1. Pokemon expression intensity in normal thyroid and benign thyroid disease
Pokemon expression intensity

Normal (n=68)

Benign (n=25)

p-value

Negative

53 (78.0)

14 (56.0)

.035

Weak positive

13 (19.1)

7 (28.0)

Strong positive

2 (2.9)

4 (16.0)

Values are presented as number (%). Statistical analysis was performed using Pearson’s chi-square test.

Supplementary Table S2. Pokemon expression intensity in normal thyroid and PTC
Pokemon expression intensity

Normal (n=68)

PTC (n=89)

Negative

53 (78.0)

7 (7.9)

Weakly positive

13 (19.1)

30 (33.7)

Strongly positive

2 (2.9)

52 (58.4)

p-value
<.001

Values are presented as number (%). Statistical analysis was performed using Pearson’s chi-square test.
PTC, papillary thyroid carcinoma.

Supplementary Table S3. Pokemon expression intensity in benign thyroid disease and PTC
Pokemon expression intensity

Benign (n=25)

PTC (n=89)

Negative

14 (56.0)

7 (7.9)

Weakly positive

7 (28.0)

30 (33.7)

Strongly positive

4 (16.0)

52 (58.4)

p-value
< 0.001

Values are presented as number (%). Statistical analysis was performed using Pearson’s chi-square test.
PTC, papillary thyroid carcinoma.
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Robust home brew fragment sizing assay for detection of MET exon
14 skipping mutation in non–small cell lung cancer patients
in resource constrained community hospitals
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1

Background: A mutation/deletion involving donor or acceptor sites for exon 14 results in splicing out of exon 14 of the mesenchymal
epithelial transition (MET) gene and is known as “MET exon 14 skipping” (∆MET14). The two recent approvals with substantial objective
responses and improved progression-free survival to MET inhibitors namely capmatinib and tepotinib necessitate the identification of
this alteration upfront. We herein describe our experience of ∆MET14 detection by an mRNA-based assay using polymerase chain reaction followed by fragment sizing. Methods: This is a home brew assay which was developed with the concept that the transcripts from
true ∆MET14 will be shorter by ~140 bases than their wild type counterparts. The cases which were called MET exon 14 skipping positive on next-generation sequencing (NGS) were subjected to this assay, along with 13 healthy controls in order to establish the validity
for true negatives. Results: Thirteen cases of ∆MET14 mutation were detected on NGS using RNA-based sequencing. Considering
NGS as a gold standard, the sizing assay using both gel and capillary electrophoresis that showed 100% specificity for both with concordance rates of 84.6% and 88.2% with NGS, respectively, were obtained. Conclusions: Owing to the cost-effective nature and easy
to use procedures, this assay will prove beneficial for small- and medium-sized laboratories where skilled technical personnel and NGS
platforms are unavailable.
Key Words: MET exon 14 skipping; Lung neoplasms; Fragment sizing assay; Home brew; Electrophoresis
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A mutation/deletion involving donor or acceptor sites for exon
14 results in splicing out of the exon 14 of the mesenchymal
epithelial transition (MET) gene and is known as “MET exon
14 skipping” (∆MET14) [1-3]. This change in turn abolishes
the site for ubiquitination and aborts the physiologically timed
decay of MET protein [4]. Persistent MET activation turns it
oncogenic. This genetic alteration has emerged as a Tier 1 biomarker [5] in non–small cell lung carcinoma (NSCLC) with a
reported incidence of ~4% in lung adenocarcinoma [6,7] and
2% in squamous cell carcinoma [6]. This frequency supersedes
that of other Tier1 driver alterations in NSCLC like ROS1 and
BRAF p.V600E which occur at 1%–2% and 2%–3%, respectively [8]. The two recent approvals with substantial objective
responses and improved progression-free survival to MET inhibitors, namely capmatinib [9] and tepotinib [10], necessitate the

identification of this alteration upfront.
Next-generation sequencing (NGS), especially RNA sequencing, has emerged as the most relied platform to detect this variation as it detects the structural variation and nullifies the need
to detect the 120 different mutations which may lead to this alteration [5]. DNA-based assay suffers from limitations in detecting large deletions (>20 bp) that are common at the 5' donor
site [11]. Moreover, many popular NGS panels do not cover the
5' region of the exon 14 and the upstream region of the intron
13 adequately [10]. Far easier is the mRNA-based approach
that simply demonstrates the fusion of exon 13 with exon 15 limiting the size and numbers of interrogated regions. However,
the RNA-based NGS is not widely available. Besides, the lack
of accessibility to NGS and design flaws in DNA panels that do
not adequately cover all the mutational sites, necessitates a more
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practical alternative that can be used by basic molecular laboratories intending to provide ∆MET14 testing.
Single-gene assays by Sanger sequencing can be designed using DNA as a substrate. However, low analytical sensitivity and
the lack of awareness of all genetic changes that leads to ∆MET14
limits the diagnostic utility of Sanger sequencing particularly
in the context of limited availability of testing material.
We herein describe our experience of ∆MET14 detection by
an mRNA-based assay using polymerase chain reaction followed
by fragment sizing, with a final product size being 140 bp
smaller in ∆MET14 compared to the wild type MET exon 14.
The assay has been validated against an RNASeq NGS assay
(Oncomine Focus Assay, Thermo Fisher Scientific, Waltham,
MA, USA).

Normal mRNA

N bp

14 skipped mRNA

N-140 bp

Fig. 1. Image illustrates the difference in size of the fragments between wild type and mutant ∆MET14mRNA.

MATERIALS AND METHODS
Specimen collection

All cases of NSCLC that tested negative on single-gene testing
for epidermal growth factor receptor (EGFR)/anaplastic lymphoma
kinase (ALK)/ROS proto-oncogene 1 (ROS1) alterations and
underwent NGS-based genomic profiling upfront at our center
from 2018 to 2020 were included. The clinical and pathological features were retrieved and collated from the medical record
archives of the hospital.
Next-generation sequencing

Forward primer
Reverse primer
Exon 14 of MET gene

Fig. 2. Primer design for fragment sizing assay for ∆MET14. The
bases highlighted in yellow comprise the forward primer while
those in green make the reverse primer. Nucleotides in blue belong
to exon 14 (National Center for Biotechnology Information).

This is a home brew assay which was developed with the concept that the transcripts from true ∆MET14 will be shorter by
~140 bases than their wild type counterparts. The cases which
were called MET exon 14 skipping positive on NGS were subjected to this assay, along with 13 healthy controls in order to
establish the validity for true negatives (Fig. 1).

Biotechnology Information) primer blast using cDNA molecule. The product size is 235 bp for MET exon 14 skipping wild
type, whereas the MET exon 14 skipping mutant was 141 bp
shorter. The primer design is depicted in Fig. 2 and the primer
sequences are as follows: forward primer, 5'-TGGGTTTTTCCT
GTGGCTGA-3'; reverse primer, 5'-AGGATACTGCACTT
GTCGGC-3'.
To assess the presence of RNA, housekeeping gene β-actin is
used as assay process and extraction control. The product size is
~92 bp which is concordant with the 94-bp product size of the
mutant MET exon 14 skipping. The primer sequences used for
β-actin are as follows: forward primer, 5'-CCACACTGTGC
CCATCTACG-3'; reverse primer, 5'-AGGATCTTCATGAG
GTAGTCAGTCAG-3'.

Primer design

RNA extraction and cDNA synthesis

This is an RNA-based polymerase chain reaction (PCR) assay
and the primers have been designed using hg19 human reference genome sequence of the MET gene (NM_001127500.2).
The primers were designed using NCBI (National Center for

Total RNA was extracted from formalin-fixed paraffin-embedded (FFPE) tumor blocks using the Promega ReliaPrep FFPE
Total RNA Mini-prep System (Z1002, Madison, WI, USA).
Nucleic acid was quantified using Qubit 3.0 Fluorometer (Invi-

The NGS panel used was the Oncomine Focus Assay comprising 52 genes implicated across various solid organ malignancies, interrogating single nucleotide variations and fusions as
well as copy number alterations. The details of this assay methodology can be found elsewhere [12].
Fragment sizing assay

https://doi.org/10.4132/jptm.2021.07.15
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trogen, Life Technologies, Carlsbad, CA, USA). cDNA was synthesized from 10 ng of RNA using the SuperScript VILO cDNA
synthesis kit (11754050, Thermo Fisher Scientific). The protocol followed was according to the vendor’s insert and the cycling
conditions were as follows: reverse transcription step at 42°C for
30 minutes and enzyme denaturation at 85°C for 5 minutes.
Polymerase chain reaction for MET exon 14 skipping
mutation

The PCR reaction mixture was prepared in proportions as
per manufacturer recommendations. The Thermo Fisher Scientific Applied Biosystems Veriti 96-Well Thermal Cycler was
used for amplifying this reaction mix with the following cycling conditions: 45 cycles of denaturation at 95°C for 30 seconds, followed by annealing at 56°C for 20 seconds, then elongation at 72°C for 30 seconds, and final extension step at 72°C
for 7 minutes. The prepared PCR products were electrophoresed using 3% agarose gel. The expected PCR products using
the primers described above are (1) MET exon 14 wild type,
~235 bp and (2) ∆MET14, ~94 bp. The presence of a single
small band of ~94 bp was also considered positive for MET exon
14 skipping. For each reaction, a 100 bp ladder, a known positive control, and a known negative control along with no-template controls were run (Fig. 3).
Fragment length analysis using TapeStation

Following the analysis using agarose gel–based electrophoresis, the products were also analyzed using capillary electrophoresis/fragment length analysis on the Agilent 4200 TapeStation
system (Agilent, Santa Clara, CA, USA). Tape station examination was done using high sensitivity D1000 DNA screen tapes
for analyzing the size, quantity, and integrity of the samples. For
each sample, 2 μL of high sensitivity D1000 sample buffer was
added to 2 μL of the sample in the provided tube strip which was
sealed using the cap strip. After this, the product was vortex
mixed using IKA vortex at 2,000 rpm for 1 minute and spun at
1,000 rpm for 1 minute. The sample was then loaded in the
TapeStation and analyzed using the Agilent TapeStation Analysis
Software. The presence of a single peak at 235 bp length was
considered MET exon 14 wildtype and the presence of single
peak at 90–110 bp was considered mutant. The presence of two
peaks, each at 235 bp and 90–110 bp, was also considered MET
exon 14 mutant (Fig. 3).

https://jpatholtm.org/

RESULTS
Baseline characteristics

Of the four hundred and three cases of NSCLC, single-gene
testing for EGFR mutations, ALK rearrangements, and ROS1
rearrangements were positive in 161 cases (40%) (EGFR alterations, 117 [29.1%] cases; ALK rearrangements, 32 cases [8%];
and ROS1 rearrangements, 12 cases [2.7%]). The 242 cases which
were wild type for these three underwent NGS testing upfront,
of which 13 cases of ∆MET14 (3.2%) were detected. The median
age of the cohort was 61 years (range, 37 to 82 years). There were
six males (46.2%) and seven females (53.8%). There were three
smokers (23.1%) and 10 non-smokers (76.9%). All cases (100%)
depicted adenocarcinoma histology with acinar pattern (Table 1).
Comparison of NGS and agarose gel electrophoresis

Thirteen cases of ∆MET14 mutation were detected on NGS
using RNA-based sequencing. However, no corresponding DNA
alteration in terms of indels or missense mutations was found in
any of these cases. All these cases were subjected to agarose gel
electrophoresis as described above, and nine cases were found to be
positive on gel electrophoresis. Four of these cases were negative on
gel electrophoresis. All 13 healthy controls also yielded a negative result. Considering the NGS as a gold standard, the overall
concordance rate was 84.6%, with sensitivity of 69.2% and
specificity of 100% (p < .01). The lack of any bands in the negative cases was not the consequence of poor quality of the extracted
RNA, as the beta-actin housekeeper amplified and yielded an
optimal product.
Comparison of NGS and automated electrophoresis using
TapeStation

All 13 cases that were subjected to agarose gel electrophoresis
also underwent automated capillary electrophoresis using TapeStation. 10 cases showed peaks at 95–100 bp (positive for ∆MET14)
and three cases were negative. The overall concordance rate was
88.4% with a calculated sensitivity of 76.9% and specificity of
100% (p < .001). An overview of patient recruitment and results
is depicted in Fig. 4.

DISCUSSION
∆MET14 has gained importance owing to the recent development and approvals of selective MET inhibitors like capmatinib and tepotinib [9,10]. These are usually reported at a frequency of 3%–5% in NSCLC [13], and in this study, the frequency
https://doi.org/10.4132/jptm.2021.07.15
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Fig. 3. (A) Analysis of two representative cases on polymerase chain reaction (PCR)–based gel electrophoresis and automated electrophoresis using Tape Station. a, DNA ladder; b, positive control for ∆MET14; c, sample positive for ∆MET14; d, sample negative for ∆MET14. (B)
Mapped reads for ∆MET14 using next-generation sequencing–based assay. Good mapped reads for ∆MET14 (upper left panel). False call
due to reads showing big deletions and polymorphism resulting in poor mapping quality (upper right panel). Integrative Genomics Viewer
showing fewer mapped reads (low mutant allele frequency which may lead to a negative result of PCR-based assays (lower panel).

was 5.3% among cases that were tested by NGS, whereas the
frequency was 3.2% among the entire NSCLC cohort.
We described an mRNA-based fragment sizing assay using
both gel and capillary electrophoresis and we demonstrated
100% specificity for both, with concordance rates of 84.6% and
88.2% with NGS, respectively. Currently, there are no singlehttps://doi.org/10.4132/jptm.2021.07.15

gene assay kits available for the detection of this alteration. Several home brew assays have been described in literature using
different modalities like real-time PCR and Sanger sequencing.
Kim et al. [14] described the concordance of mRNA-based realtime reverse transcriptase PCR (qRT-PCR) and DNA-based
Sanger sequencing against NGS as a gold standard, and demhttps://jpatholtm.org/
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onstrated 100% sensitivity and 97.4% specificity for qRT-PCR.
The same for Sanger-based assay was 61.5% and 100%, respectively. The specificity of our assay was also 100%; however, the
sensitivity was lower than qRT-PCR, and higher than Sanger
sequencing. This may be attributed to the inability to detect
large deletions on DNA-based alterations, as well as lower sensitivity of Sanger sequencing. A similar assay has been described
by O’Brien et al. [15] using a one-step RNA-based PCR assay
to detect ∆MET14, and they reported that this assay could potentially detect MET exon 14 skipped RNA with a lower limit
of detection of approximately 10%.
Cases that tested negative on fragment sizing assay and positive on NGS-based assay had low mutant allele frequency as
observed on Integrative Genomics Viewer (IGV) (Fig. 3B). The

NGS-based tests have a higher analytical sensitivity (limit of detection) of 1%, which is not likely to be matched by PCR-based
assays as described here.
DNA-based alteration was not detected in any of the cases included in this study. This is attributed to the design of the Oncomine Focus Assay Panel. The 5' end of the exon 14 of the MET
gene is not covered by the primers and amplicons are not generated for sequencing as depicted in Fig. 5. This region is the major
403 NSCLC cases
162: Positive for EGFR/ALK/POS1
242 cases: NGS
Testing
13 cases: positive for ∆
MET14

Table 1. Baseline clinical characteristics of the study cohort
Clinical feature
Age (yr), median (range)
Sex
Male
Female
Smoking status
Never smoker
Smoker
Histology
Adenocarcinoma
Acinar pattern

No. (%)
61 (37–82)
6 (46.2)
7 (53.8)
10 (76.9)
3 (23.1)
13 (100)
13 (100)

Agarose gel
Electrophoresis
9 Positive
4 Negative
Concordance: 84.6%
Specificity: 100%
Sensitivity: 69.2%

Capillar electrophoresis
TapeStation
10 Positive
3 Negative
Concordance: 88.2%
Specificity: 100%
Sensitivity: 76.9%

Agarose gel electrophoresis and TapeStation:
combined detected 10/13 cases

Fig. 4. Consort diagram showing an overview of cases included in
the study along with the test results.

Fig. 5. Integrative Genomics Viewer image showing the coverage of MET exon 14 in the Oncomine Focus Assay.
https://jpatholtm.org/
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site for missense variants and indels resulting in ∆MET14. These
are therefore likely to be on DNA-based analysis.
There were four discordant cases on agarose gel electrophoresis and three on automated capillary electrophoresis. These are
attributed to lower sensitivities of these two assays when compared to the NGS gold standard. However, combining both
improved the sensitivity to 76.9%.
Although validated in-house, this assay suffers from a few
limitations. The extraction process control used is beta-actin
and not another conserved area of the MET gene, as most of the
exons in the MET gene depict high rates of occurrence of single
nucleotide polymorphisms. The assay has not been validated on
an external control/cell line, and the samples used for validation
are from known patients, hence the accuracy of the assay may
not be representative. However, this assay will prove beneficial
for small- and medium-sized labs where skilled technical personnel
and NGS platforms are unavailable. Additionally, squamous
carcinomas with ∆MET14 are also considered actionable and
usually do not undergo broad panel-based testing, hence singlegene assays which are cost-effective will prove beneficial in such
settings.
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Upward trend in follicular lymphoma among the Korean population:
10-year experience at a large tertiary institution
Meejeong Kim1, Hee Sang Hwang1, Hyungwoo Cho2, Dok Hyun Yoon2,
Cheolwon Suh2, Chan Sik Park1, Heounjeong Go1, Jooryung Huh1
Departments of 1Pathology and 2Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Background: Follicular lymphoma (FL) is the second most common non-Hodgkin lymphoma (NHL) in Western countries. However, it is
relatively rare in Asia. This study examined epidemiologic characteristics of FL in South Korea, with an emphasis on recent trends of increase in cases. Methods: We retrospectively examined 239 cases of newly diagnosed FL at a large tertiary institution in Korea (Asan
Medical Center, Seoul, Republic of Korea) between 2008 and 2017. Age-adjusted incidence rates and clinicopathological variables were
analyzed, and joinpoint regression analysis was used to identify the changes. Results: The age-adjusted incidence of FL significantly
increased during the study period (p = .034), and the ratio of (relative incidence) patients with FL to patients with NHL increased from
4.28% to 9.35% in the same period. Over the 10-year study assessment duration, the proportion of patients with stage III/IV FL (p =
.035) and expression of BCL2 (p = .022) or BCL6 (p = .039) significantly increased. From 2013–2017, the proportion of patients with highrisk Follicular Lymphoma International Prognostic Index (FLIPI) score increased (21.5% to 28.7%), whereas that of low-risk FLIPI decreased (55.4% to 38.6%), although those results were not statistically significant (p = .066). Conclusions: We found an increasing incidence of FL, with a disproportionate increase in the incidence of high-stage disease and recent changes in the clinicopathologic
features of the Korean patient population.
Key Words: Follicular lymphoma; Korea; Follicular Lymphoma International Prognostic Index (FLIPI); BCL2; BCL6
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Follicular lymphoma (FL) is the second most common nonHodgkin lymphoma (NHL) in Western countries and accounts
for 20% to 35% of all lymphomas [1,2]. In Asia, until recently,
the incidence has been characteristically low, at approximately
5% to 10% of all lymphomas in most studies [3,4]. However,
the relative proportion of FL in many Asian populations has increased rapidly in recent years, and FL is now the second most
common low-grade B-cell lymphoma after mucosa-associated
lymphoid tissue lymphoma in Asia [3,5-7]. The proportion of
FL to NHL increased from 8.1% to 23.5% in China and 5% to
20% in Japan [3,4,7,8]; additionally, an increase in the proportion in Korea, from 3.4% to 4.8% between 1999 and 2012, has
been reported [9,10].
FL is characterized by indolent clinical behavior, and most

cases involve a low histologic grade and low-risk Follicular Lymphoma International Prognostic Index (FLIPI), which is determined based on the sum of points assigned for each of the following risk factors: age > 60 years, elevated lactate dehydrogenase
(LDH) level, hemoglobin (Hb) level < 12 g/dL, Ann Arbor stage
III/IV, and involvement of more than four nodal sites. Grade 3B
FL or transformation to high-grade B-cell lymphoma significantly
reduces survival [11,12]. However, due to the availability and
broad use of rituximab, the incidence of transformation has been
reduced, and the distribution of clinicopathologic features including histologic grade and FLIPI subgroup has changed, although
the differences have not been reported consistently [12-14]. Most
of the information in the literature is based on studies involving
Caucasian patients, and characteristics of FL in East Asians have
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not been delineated well. In light of the recent increase in the incidence of FL in the Korean population, we investigated the trends
in incidence of FL from 2008 to 2017, using data from a large
tertiary institution in South Korea, and examined the clinicopathologic features of FL in the Korean population.

MATERIALS AND METHODS
Age-adjusted incidence rate of FL and frequency of FL and
NHL

The age-adjusted incidence rate, which is a weighted average
of the age-specific crude rate, was calculated using data from Korean Statistical Information Service (http://kosis.kr/index/index.do).
The age-adjusted incidence rates per 100,000 were calculated
by dividing the annual number of FL cases observed in a specific age group of patients treated at Asan Medical Center between
2008 and 2017, by the number of corresponding person-years
of observation; the obtained result was multiplied by 100,000.
Additionally, we retrieved the total numbers of inpatients and
of patients with NHL or FL treated at Asan Medical Center,
Seoul, between 2008 and 2017, using the Asan BiomedicaL research Environment, i.e., ABLE, research information retrieval
system. The annual frequency of patients with NHL or FL was
calculated using the date of initial diagnosis.
Patient selection

A total of 239 patients diagnosed with FL between 2008 and
2017, at Asan Medical Center was included in this retrospective
study. The study included patients from whom excisional (n =
215) and needle (n = 24) biopsy specimens were collected before
treatment. The following demographic and clinical data were collected by reviewing the patients’ medical records: age, sex, presence or absence of B symptoms (fever, night sweats, and weight
loss), transformation to diffuse large B-cell lymphoma (DLBCL)
(during follow-up), complete blood count, serum LDH level,
bone marrow involvement, Ann Arbor stage, FLIPI risk group,
and treatment modalities.
Pathological review and immunohistochemistry data

All cases were reviewed, and based on the revised 4th edition
of the World Health Organization classification criteria, patients
with testicular FL, duodenal-type FL, and pediatric-type FL were
excluded [2]. The following pathological parameters were recorded: histologic grade (grades 1–2, grade 3A, and grade 3B),
histologic pattern (follicular, follicular and diffuse, and diffuse),
and immunophenotype (expression of BCL2, BCL6, CD10, or
https://doi.org/10.4132/jptm.2021.07.25

Ki-67). Immunohistochemical (IHC) staining was performed
on whole slides using a fully automated IHC assay on a Ventana
BenchMark XT Autostainer (Ventana Medical Systems, Woonsocket, RI, USA). Antibodies specific for the following markers
were used: CD3 (clone PS1, mouse mAb, Novocastra, Newcastleupon-Tyne, UK), CD5 (clone 4C7, mouse mAb, Novocastra),
CD20 (clone L26, mouse mAb, Novocastra), Ki-67 (mouse mAb,
Dako, Glostrup, Denmark), CD10 (clone 56C6, mouse mAb,
Novocastra), CD21 (clone 2G9, mouse mAb, Novocastra), BCL2
(clone E17, rabbit mAb, Cell Marque, Rocklin, CA, USA), and
BCL6 (clone GI191E/A8, mouse mAb, Cell Marque). Immunostained slides from 239 FL cases were reviewed, and immunopositivity was defined as protein expression by ≥ 30% of the tumor cells [15-18]. Ki-67 proliferation index (PI) was assessed
manually in neoplastic follicles, and a Ki-67 PI ≥ 30% was
deemed as high expression [19-23].
Statistical analyses

Joinpoint regression analysis was performed to identify the
changes in the incidence rates of FL at Asan Medical Center, using
the Joinpoint Trend Analysis Software (ver. 4.8.0.1, Statistical
Methodology and Application Branch, Surveillance Research
Program, Division of Cancer Control and Population Sciences,
National Cancer Institute). Joinpoint regression analysis usually
is applied to study varying trends over time to identify the time
point(s) at which the trends show significant changes [24-26].
Based on the trend analysis, we estimated the annual percentage
change (APC) in the rates between trend-change points and the
average annual percentage change (AAPC) for the entire study
period. When there was no joinpoint (no significant change in
trend), the APC was equal to AAPC.
Simple linear regression analysis was conducted to investigate
changes in the proportion of clinicopathologic features of FL
over the study period. Chi-square and Fisher exact tests were
performed to evaluate the changes in clinicopathologic characteristics from 2008 to 2012, and from 2013 to 2017. In addition,
overall survival (OS) was analyzed using the Kaplan-Meier method
from the date of diagnosis to the date of death or the last followup visit, and data were compared using the log-rank test. All statistical analyses were conducted using SPSS software package ver.
18.0.0 (SPSS Statistics software, SPSS Inc., Chicago, IL, USA)
and R ver. 3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria). Statistical significance was defined by p-value < .05.
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RESULTS
Incidence of FL between 2008 and 2017

In total, 8,406 patients (0.17% of total inpatients) with NHL
were treated at Asan Medical Center between 2008 and 2017,
and 498 patients (0.01% of total inpatients and 5.92% of NHL)
had FL. The proportion of FL patients (patients with FL/total inpatients) increased from 0.01% in 2008 to 0.02% in 2017, and
the ratio of patients with FL to patients with NHL increased
from 4.28% (26/607 cases) in 2008 to 9.35% (103/1102 cases)
in 2017 (Supplementary Fig. S1).
Fig. 1 presents the increasing trend in the age-adjusted incidence rates of FL at Asan Medical Center between 2008 and 2017,
and one joinpoint that was identified in 2010; the fastest increasing trend was observed in 2008–2010 (APC, 48.3; 95% confidence interval [CI], 9.0 to 101.7) and a moderately increasing
trend was observed in 2010–2017 (APC, 10.1; 95% CI, 5.7 to
14.8) (p = .034) (Fig. 1).
Clinicopathologic characteristics during defined periods

The patients with FL (n = 239) included in this study had a median age of 52.1 years (range, 17 to 82 years) with a male:female
ratio of 1.13:1. The overall clinicopathologic characteristics and
initial treatment modalities used for the 239 patients and changes
in the baseline characteristics from 2008 to 2012 and 2013 to
2017 are summarized in Table 1. The proportion of patients
aged > 60 years significantly increased from 13.2% in 2008–
2012 to 34.5% in 2013–2017 (p = .001) (Table 1). In 2013–2017,
the proportion of patients with high-risk FLIPI (21.5% to 28.7%)

Age-adjusted incidence rate (per 100,000)

0.434
0.400
0.366
0.332
0.298
0.264
0.230
0.196
0.162
0.128
0.094
0.060
0.026
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year
Fig. 1. Age-adjusted incidence rates of follicular lymphoma between 2008 and 2017.
https://jpatholtm.org/

and grade 3B FL (5.9% to 14.0%) increased but not at a statistically significant level (p = .270 and p = .077, respectively) (Table 1).
Fig. 2 outlines the changes in the proportion of patients >60
years of age, with Hb level < 12 g/dL, elevated LDH level, and
involvement of more than four nodal sites, which were the factors
included in FLIPI score. The proportion of patients aged > 60
Table 1. Baseline patient characteristics
Characteristic
Age > 60 yr
Sex
Male
Female
B symptom
Absent
Present
Hb < 12 g/dL
Elevated LDH
Ann Arbor stage
Stage I/II
Stage III/IV
Bone marrow involvement
FLIPI
Low to intermediate
High
Histologic grade
1–2/3A
3B
Histologic pattern
Follicular
Follicular and diffuse
Diffuse
BCL2 expression
Negative
Positive
BCL6 expression
Negative
Positive
CD10 expression
Negative
Positive
Ki–67 PI ≥ 30%
Treatment
Watch-and-wait
Rituximab-based
Radiation monotherapy
Transformation to DLBCL
Deaths

Total
(n = 239)

Year
p2008–2012 2013–2017 value
(n = 68)
(n = 171)

68 (28.6)

9 (13.2)

127 (53.1)
112 (46.9)

40 (58.8)
28 (41.2)

212 (90.2)
23 (9.8)
41 (17.2)
46 (19.8)

62 (91.2)
6 (8.8)
12 (17.9)
15 (23.8)

90 (37.7)
149 (62.3)
87 (37.8)

31 (45.6)
37 (54.4)
24 (35.8)

173 (73.3)
63 (26.7)

51 (78.5)
14 (21.5)

211 (88.3)
28 (11.7)

64 (94.1)
4 (5.9)

207 (87.7)
20 (8.5)
9 (3.8)

56 (82.4)
11 (16.2)
1 (1.5)

25 (11.3)
197 (88.7)

11 (16.9)
54 (83.1)

10 (4.3)
222 (95.7)

7 (11.1)
56 (88.9)

44 (18.8)
190 (81.2)
86 (37.9)

14 (21.9)
50 (78.1)
15 (25.0)

44 (18.4)
130 (54.4)
30 (12.9)
19 (8.0)
15 (6.6)

6 (8.8)
40 (58.8)
11 (16.4)
5 (7.4)
6 (9.0)

59 (34.5) .001
.267
87 (50.9)
84 (49.1)
.751
150 (89.8)
17 (10.2)
29 (17.0) .861
31 (18.3) .353
.111
59 (34.5)
112 (65.5)
63 (38.7) .688
.270
122 (71.3)
49 (28.7)
.077
147 (86.0)
24 (14.0)
.018
151 (89.9)
9 (5.4)
8 (4.8)
.086
14 (8.9)
143 (91.1)
.002
3 (1.8)
166 (98.2)
.461
30 (17.6)
140 (82.4)
71 (42.5) .016
.049
38 (22.2)
90 (52.6)
19 (11.5)
14 (8.2) .821
9 (5.7) .387

Values are presented as number (%).
Hb, hemoglobin; LDH, lactate dehydrogenase; FLIPI, Follicular Lymphoma
International Prognostic Index; Ki-67 PI, Ki-67 proliferation index; DLBCL,
diffuse large B-cell lymphoma.
https://doi.org/10.4132/jptm.2021.07.25

100

100

75

75

50

R2 = 0.74, p < .001

25

Hb > 12 g/dL (%)

Age > 60 yr (%)

Upward trend in follicular lymphoma • 333

0

50
25
0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
A
Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
B
Year

100

100

75
50
R2 = 0.12, p = .173
25
0

> 4 nodal sites (%)

Elevated LDH (%)

R2 = 0.12, p = .959

75

R2 = 0.05, p = .258

50
25
0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
C
Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
D
Year

Fig. 2. Scatter plots with trend lines of the annual proportion of patients aged > 60 years (A), with hemoglobin (Hb) level < 12 g/dL (B), elevated lactate dehydrogenase (LDH) level (C), and involvement of more than four nodal sites (D).

years significantly increased between 2008 and 2017 (R2 = 0.74,
p < .001) (Fig. 2A). In contrast, the rates of patients with Hb
level < 12 g/dL remained stable (R2 = –0.12, p = .959) (Fig. 2B).
The proportion of patients with elevated LDH level sharply decreased between 2008 and 2013 (60.0% to 4.3%) and gradually increased to 25.0% in 2017; however, these changes were not
statistically significant (R2 = 0.12, p = .173) (Fig. 2C). The proportion of patients with involvement of greater than four nodal
sites rapidly decreased during 2008–2010 (66.7% to 41.7%),
but increased to 75.6% in 2017 (R2 = 0.05, p = .258) (Fig. 2D).
Over 10 years, the proportion of patients with stage III/IV
disease significantly increased (R2 = 0.36, p = .039) (Fig. 3A), as
was observed on the joinpoint regression analysis (AAPC, 5.0;
95% CI, 0.4 to 9.7; p = .035) (Table 2). We found a decreasing
trend in the number of cases of low-risk FLIPI (R2 = 0.23, p =
.094) and a slightly increasing trend in the number of cases of
grade 3B FL (R2 = –0.20, p = .111), although the result was not
statistically significant (Fig. 3B, C). Regarding histological pattern, the proportions of follicular pattern (R2 = 0.24, p = .086) and
diffuse pattern (R2 = 0.15, p = .145) showed increasing trends,
https://doi.org/10.4132/jptm.2021.07.25

whereas follicular and diffuse patterns decreased (R2 = 0.34, p =
.045) (Fig. 3D), and these variations were significant during
2008–2012 and 2013–2017 (p = .018) (Table 1).
For the IHC staining results, the rates of FL cases with BCL2
or BCL6 expression and those with Ki-67 PI ≥ 30% increased
from 2008 to 2012 and from 2013 to 2017 (p = .086, p = .002,
and p = .016, respectively) (Table 1). In the joinpoint regression
analysis, the expression levels of BCL2 (AAPC, 2.6; 95% CI,
0.7 to 4.6, p = .022) and BCL6 (AAPC, 3.0; 95% CI, 0.4 to 5.7;
p = .028) significantly increased over the 10 years (Table 2).
Since the 2000s, rituximab has been used widely, and a majority of the patients (54.4%) in this study underwent rituximab-based chemotherapy; however, the proportion of patients
on a watch-and-wait strategy significantly increased by 8.8% in
2008–2012 and by 22.2% in 2013–2017, while there was a
slight decrease in the number of patients on rituximab-based
therapy (p = .049) (Table 1). There was no significant variation
in other clinicopathologic features, e.g., sex, bone marrow involvement, transformation to DLBCL, and mortality, over the study
period.
https://jpatholtm.org/
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Fig. 3. Scatter plots with trend lines of the annual proportion of patients with follicular lymphoma: (A) Ann Arbor stage, (B) Follicular Lymphoma International Prognostic Index (FLIPI), (C) histologic grade, and (D) histologic pattern.

In survival analysis, during a median follow-up of 47 months
(range, 0 to 222 months), 15 patients died, and the mean OS was
199 months. There was no significant OS difference between
2008–2012 and 2013–2017 (Supplementary Fig. S2).

DISCUSSION
The incidence rate of FL, which has been low in Korea, has
increased in recent years. Lee et al. [9] studied 65,948 lymphoid
diseases in the South Korean population and found increasing
incidence of lymphoid malignancies (6.85% to 13.18%) and
FL (0.22% to 0.39%) between 1999 and 2012. Kim et al. [27]
studied epidemiologic changes in B-cell NHL in South Korea
using the National Health Information Database and found
that the incidence of FL has increased since 2006: the ratio of
FL to NHL increased from 5.6% to 7.8% during 2006–2015,
and the age-adjusted incidence of FL increased by 25% between
https://jpatholtm.org/

2011 and 2015. Similarly, in the current study, the incidence of
FL significantly increased between 2008 and 2017, with an increasing ratio of FL:NHL. Although previous studies ascribed the
low incidence of FL in Asian populations to ethnic differences,
the recent trend of increased incidence rates might reflect the increasing adoption of a Westernized lifestyle by Asian populations
[6,28].
Currently, the etiology of FL is not understood fully; however,
age, sex, ethnicity, genetic, clinical and environmental factors
including lifestyle can affect the development of FL. Multiple
large cohort studies have investigated the influence of smoking,
alcohol intake, obese or overweight status and their relationship
to FL development; however, the results have been conflicting
[29]. A population-based study by Le et al. [30] in Canada during 1992–2010, demonstrated that the incidence rate of FL increased, especially in concentrated industrial zones, suggesting
that industrial exposures play an important role in the develophttps://doi.org/10.4132/jptm.2021.07.25
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Table 2. Trends in clinicopathologic characteristics of FL: average
annual percentage change
Characteristic
Age > 60 yr
Hb < 12 g/dL
Elevated LDH
> 4 nodal areas involved
Ann Arbor stage
Stage I/II
Stage III/IV
Bone marrow involvement
FLIPI
Low
Intermediate
High
Histologic grade
1–2
3A
3B
Histologic pattern
Follicular
Follicular and diffuse
Diffuse
BCL2-positive
BCL6-positive
CD10-positive
Ki-67 PI ≥ 30%
Treatment
Watch-and-wait
Rituximab-based
Radiation monotherapy
Transformation to DLBCL

AAPC (95% CI)

p-value

naa
1.0 (–0.91 to 12.2)
–6.5 (–20.9 to 10.5)
6.6 (–5.5 to 20.2)

.833
.378
.254

–6.2 (–12.6 to 0.7)
5.0 (0.4 to 9.7)
3.5 (–5.9 to 13.8)

.070
.035
.455

–5.3 (–10.8 to 0.6)
naa
6.6 (–12.4 to 29.7)

.071
.486

–0.9 (–5.3 to 3.7)
–4.7 (–16.3 to 8.6)
naa

.661
.424

2.0 (–0.3 to 4.3)
naa
naa
2.6 (0.7 to 4.6)
3.0 (0.4 to 5.7)
1.0 (–3.0 to 5.2)
5.4 (–5.4 to 17.3)

.120

naa
2.1 (–4.7 to 9.4)
naa
naa

.022
.028
.666
.309

.550

FL, follicular lymphoma; AAPC, average annual percent change; CI, confidence interval; Hb, hemoglobin; LDH, lactate dehydrogenase; FLIPI, Follicular Lymphoma International Prognostic Index; Ki-67 PI, Ki-67 proliferation
index; DLBCL, diffuse large B-cell lymphoma.
a
Not applicable due to zero case counts for some years.

ment of FL. Further, it has been reported that exposure to herbicides is associated with FL by causing a t(14;18)-translocation [30].
In the current study, we found an increasing trend of stage
III/IV disease over 10 years, and that the proportions of highrisk FLIPI and grade 3B FL also increased between 2008–2012
and 2013–2017, although the results were not statistically significant. In a study by Conconi et al. [14] that included 281 FL
cases from 1979 to 2007, the trend in the proportion of patients
aged ≥ 60 years with stage III/IV disease and high-risk FLIPI
scores increased over the study period, although the result was
not statistically significant. Mozas et al. [13] studied 727 grade
1–3A FL cases reported between 1980 and 2017, and found
that grade 1–2 disease showed a decreasing trend over time,
while high-risk FLIPI showed an increasing trend in recent years.
These findings can be attributed to the increasing life expectancy
https://doi.org/10.4132/jptm.2021.07.25

and increase in the number of patients that present with advanced
FL status at initial diagnosis, as a majority of the patients are
asymptomatic.
We also note that most patients with FL have stage III/IV disease, a low-risk FLIPI score, and grade 1–2 FL, and the findings
are comparable to those in the Unites States, showing predominance of stage III/IV, low-risk FLIPI score, and grade 1–2, with
similar results to our data [29,31]. Cho et al. [5] retrospectively
analyzed clinical characteristics and pathologic features of BCL2
expression in 343 FL patients in Korea during1993–2013, and
demonstrated that predominancy of stage III/IV, low-risk FLIPI
score, and grade 1–2 FL, suggesting that there was no significant difference between Korean and Western populations.
In this study, BCL2 or BCL6 immunopositivity significantly
increased over the study period. We investigated whether the expression of BCL2 or BCL6 was associated with histologic grade;
however, those unexpected findings were not associated with
changes in the proportion of histologic grade (Supplementary Table S1). Although several studies have shown that the expression
of BCL2 was less common in high-grade FL, the relationship
between expression of BCL2 or BCL6 and histologic grade was
not definitive in most prior studies [32-35].
The proportion of FL cases with Ki-67 PI ≥ 30% and diffuse
pattern significantly increased between 2008–2012 and 2013–
2017, and was significantly correlated with histologic grade
(Supplementary Table S1). Most prior studies have shown that
higher Ki-PI or diffuse pattern in FL generally correlates with
higher grade or poor prognosis, although several FL cases with
low grade and high Ki-PI have been described [2,22,23,36]. In
this study, Ki-PI was estimated manually and might have produced intra- and interobserver variability. However, recent studies
using software–automated quantification of Ki-67 PI in FL have
shown that high Ki-67 PI was associated with grade 3 FL or
poor prognosis [19,21].
There were some limitations to this study. The low incidence
of FL in our institutional series might have led to overestimation
of the proportion of clinicopathologic features and inadequate
statistical significance in the changes over the study period. FL
has an indolent prognosis with a favorable outcome, and the
number of events (e.g., death) per group was insufficient in the
current study, in which large numbers of individuals were censored in the survival analysis. Thus, multicenter studies should
be performed to precisely address the trends of FL in Korea. Our
study was not a population-based study and lacks representativeness. However, we found an increase in the age-adjusted incidence rate of FL using data from a large tertiary institution,
https://jpatholtm.org/
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which is an accepted approach that can be adopted to allow better comparison [37,38]. In addition, the increasing incidence of
FL and the ratio of FL to NHL observed in our data were similar
to the trends observed in the National Health Information
Database [27].
In conclusion, our study demonstrated an increase in the incidence rates of FL at a large tertiary institution in South Korea
over the last 10 years, and we found recent changes in the clinicopathologic features of FL, an aspect that rarely has been studied.
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Supplementary Table S1. Histologic grade and clinicopathologic characteristics of follicular lymphoma
Characteristic
Ann Arbor stage
Stage I/II
Stage III/IV
FLIPI (score)
Low risk (0–1)
Intermediate risk (2)
High risk (3–5)
Histologic pattern
Follicular
Follicular and diffuse
Diffuse
Immunophenotype
BCL2
Negative
Positive
BCL6
Negative
Positive
CD10
Negative
Positive
Ki-67 PI ≥ 30%
Transformation to DLBCL

2008–2012

2013–2017

Total (2008–2017)

FL 1–2

FL 3A

FL 3B

p-value

FL 1–2

FL 3A

FL 3B

p-value

FL 1–2

FL 3A

FL 3B

p-value

18 (40.9)
26 (59.1)

10 (50.0)
10 (50.0)

3 (75.0)
1 (25.0)

.390

45 (41.7)
63 (58.3)

12 (30.8)
27 (69.2)

2 (8.3)
22 (91.7)

.007

63 (41.4)
89 (58.6)

22 (37.3)
37 (62.7)

5 (17.9)
23 (82.1)

.061

20 (48.8)
13 (31.7)
8 (19.5)

12 (60.0)
2 (10.0)
6 (30.0)

4 (100)
0
0

.172

50 (46.3)
38 (35.2)
20 (18.5)

13 (33.3)
13 (33.3)
13 (33.3)

3 (12.5)
5 (20.8)
16 (66.7)

<.001

70 (47.0)
51 (34.2)
28 (18.8)

25 (42.4)
15 (25.4)
19 (32.2)

7 (25.0)
5 (17.9)
16 (57.1)

.001

38 (86.4)
5 (11.4)
1 (2.3)

15 (75.0)
5 (25.0)
0

3 (75.0)
1 (25.0)
0

.440

103 (96.3)
2 (1.9)
2 (1.9)

34 (91.9)
1 (2.7)
2 (5.4)

14 (58.3)
6 (25.0)
4 (16.7)

<.001

141 (93.4)
7 (4.6)
3 (2.0)

49 (86.0)
6 (10.5)
2 (3.5)

17 (60.7)
7 (25.0)
4 (14.3)

<.001

7 (16.7)
35 (83.3)

3 (15.8)
16 (84.2)

1 (25.0)
3 (75.0)

.872

6 (5.9)
95 (94.1)

6 (17.1)
29 (82.9)

2 (9.5)
19 (90.5)

.114

13 (9.1)
130 (90.9)

9 (16.7)
45 (83.3)

3 (12.0)
22 (88.0)

.291

3 (7.1)
39 (92.9)

3 (16.7)
15 (83.3)

1 (33.3)
2 (66.7)

.190

2 (1.9)
105 (98.1)

1 (2.6)
37 (97.4)

0
24 (100)

.741

5 (3.4)
144 (96.6)

4 (7.1)
52 (92.9)

1 (3.7)
26 (96.3)

.488

3 (7.3)
38 (92.7)
5 (12.5)
3 (6.8)

8 (42.1)
11 (57.9)
8 (50.0)
1 (5.0)

3 (75.0)
1 (25.0)
2 (50.0)
1 (25.0)

<.001

9 (8.4)
98 (91.6)
24 (23.1)
5 (4.7)

7 (17.9)
32 (82.1)
25 (61.5)
2 (5.1)

14 (58.3)
10 (41.7)
23 (95.8)
7 (29.2)

<.001

12 (8.1)
136 (91.9)
29 (20.1)
8 (5.3)

15 (25.9)
43 (74.1)
32 (58.2)
3 (5.1)

17 (60.7)
11 (39.3)
25 (89.3)
8 (28.6)

<.001

.007
.291

<.001
.002

<.001
.001

Values are presented as number (%).
FL 1–2, grade 1–2 follicular lymphoma; FL 3A, grade 3A follicular lymphoma; FL 3B, grade 3B follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index; Ki-67 PI,
Ki-67 proliferation index; DLBCL, diffuse large B–cell lymphoma.

Supplementary Fig. S1. Annual proportion of follicular lymphoma (FL) between 2008 and 2017: (A) the
proportion of patients with FL compared with the yearly number of inpatients and (B) the proportion of patients
with FL to patients with non-Hodgkin lymphoma.

Supplementary Fig. S2. Kaplan-Meier analyses of overall survival (OS) in patients with follicular lymphoma
between 2008─2012 and 2013─2017.
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Prognostic significance of viable tumor size measurement
in hepatocellular carcinomas after preoperative locoregional treatment
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1

Background: Preoperative locoregional treatment (LRT) for hepatocellular carcinoma (HCC) often induces intratumoral necrosis without
affecting the overall tumor size, and residual viable tumor size (VTS) on imaging is an important clinical parameter for assessing posttreatment response. However, for surgical specimens, it is unclear whether the VTS would be more relevant to prognosis compared to
total tumor size (TTS). Methods: A total of 142 surgically resected solitary HCC cases were retrospectively reviewed. The TTS and VTS
were assessed by applying the modified Response Evaluation Criteria in Solid Tumors method to the resected specimens, and correlated with the clinicopathological features and survival. Results: As applying VTS, 13/142 cases (9.2%) were down-staged to ypT1a. Although the survival analysis results for overall survival according to TTS or VTS were similar, VTS was superior to predict disease-free
survival (DFS; p = .023) compared to TTS (p = .08). In addition, multivariate analysis demonstrated VTS > 2 cm to be an independent predictive factor for decreased DFS (p = .001). In the subpopulation of patients with LRT (n = 54), DFS in HCCs with TTS or VTS > 2 cm were
significantly shorter than those with TTS or VTS ≤ 2 cm (p = .047 and p = .001, respectively). Interestingly, HCCs with TTS > 2 cm but
down-staged to VTS ≤ 2 cm after preoperative LRT had similar survival to those with TTS ≤ 2 cm. Conclusions: Although the prognostic
impact of tumor size was similar regardless of whether TTS or VTS was applied, reporting VTS may help to increase the number of candidates for surgery in HCC patients with preoperative LRT.
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Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the fourth leading cause of cancer-related death worldwide [1]. Several different staging systems exist for HCC, including the tumor-node-metastasis (TNM) staging system of
the American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) [2,3], the Barcelona Clinic
Liver Cancer (BCLC) staging system [4], Japan Integrated Staging
scoring system, the Okuda score, the Hong Kong Liver Cancer
staging system [5], and the Chinese University Prognostic Index
(CUPI) [6]. Notably, tumor size is a common parameter for all
of these staging systems, and indeed, tumor size is a well-known
prognostic factor for HCC, along with histological differentiation, vascular invasion status, multiplicity, and expression of cytokeratin 19 (CK19) [6-10].
Surgical resection is the treatment of choice for patients with

solitary HCCs and well-preserved liver function [4]. For patients
with very early or early stage HCCs (BCLC stage 0-A) who are not
suitable candidates for surgery, and for those with intermediate
stage HCCs (BCLC stage B), locoregional treatment (LRT), such
as radiofrequency ablation (RFA), percutaneous ethanol injection, or trans-arterial chemoembolization (TACE), is recommended [4,11,12]. These LRT modalities often induce direct tumor
necrosis, and the tumor size often remains unchanged [11,12].
This is different from some other tumors of the solid organs,
such as pancreatic ductal adenocarcinoma, in which preoperative neoadjuvant treatment induces shrinkage of tumor size in
responsive cases, in addition to changes in tumor cellularity [13].
Therefore, in the case of HCCs, the tumor size after preoperative LRT would not reflect the degree of tumor response to treatment and the amount of tumor necrosis is reported in pathology
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reports, often expressed as percentages.
Tumor size assessment is an important part of macroscopic
and microscopic pathological examination for most solid organ
tumors, including HCC. However, in the case of treated HCCs
that are surgically resected or explanted, there is no definite guideline as to whether the tumor size including necrosis should be
measured and used for assigning post-treatment pathologic T
(ypT) categories for staging, or whether the size of the residual
viable tumor is more relevant for staging purposes. Thus, the aim
of this study was to assess whether reporting the viable tumor
size (VTS) instead of the total tumor size (TTS) would be more
useful for prognostication of HCCs.

MATERIALS AND METHODS
Patient selection and clinicopathological analysis

All HCC cases that were surgically resected HCCs between
2007 and 2011 were retrieved from the pathology database of
the Department of Pathology, Seoul National University Hospital, and retrospectively reviewed. To examine the prognostic

significance of tumor size in this study, we excluded multiple
HCCs, including those with satellite nodules or intrahepatic
metastasis at the time of surgical resection. Liver explantation
cases were also excluded from this study (Fig. 1). Only cases for
which at least one entire cross-section of the tumor could be reconstructed with the slides (i.e., histological mapping) were included in this study. Clinical data including age, sex, underlying
etiology, preoperative LRT details, and serum α-fetoprotein (AFP)
and prothrombin induced by vitamin K absence-II (PIVKA-II)
levels were retrieved from the electronic medical records. Pathological data were analyzed by reviewing pathology reports, gross
images and glass slides, and included tumor size, gross type, histologic differentiation (Edmondson-Steiner grade), presence and
extent (%) of necrosis, presence of microvascular invasion, major
vessel invasion, or underlying cirrhosis, and the pathological T
categories according to AJCC TNM staging system (8th edition).
Gross types—according to the General Rules for the Study of
Primary Liver Cancer by the Korean Liver Cancer Association
[14]—were grouped as types 1 and 2, as previously described:
type 1 HCCs consisted of expanding nodular and vaguely nodular

Surgically resected and pathologically proven
primary hepatocellular carcinoma
from 2007 to 2011
(n = 614)
Exclude transplantation cases
(n = 151)

n = 463

Exclude multiple hepatocellular carcinomas
(n = 314)

n= 149

Microscopy slides not available
for review (n = 7)
n = 142

No preoperative locoregional treatment
(n = 88)

Preoperative locoregional treatment
(n = 54)

Fig. 1. Patient selection algorithm for this study.
https://doi.org/10.4132/jptm.2021.07.26
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types, and type 2 HCCs consisted of multinodular confluent,
nodular with perinodular extension and infiltrative types [15].
The extent of necrosis was expressed as a percentage of the area
of tumor necrosis over the total tumor area in a representative
whole section. Major vessel invasion was defined as gross or microscopic invasion of main or first-order branches of the portal vein
or hepatic vein, and microvascular invasion was defined as tumor
invasion of microscopic vessels excluding the aforementioned
major vessels. CK19 expression status was also assessed on representative whole tissue sections, when available. Follow-up
data was obtained from the electronic medical records, including
the status at last follow-up and the occurrence of extrahepatic
metastasis or local recurrence.
Tumor size assessment

The tumor size was assessed by reviewing the primarily the
gross images of the representative section of the tumor, and the
size measurement in the pathology reports. However, especially in
HCCs with necrosis, it was often not possible to discriminate between viable and necrotic foci purely on gross morphology, and
therefore the matching glass slides were reviewed for all cases to
confirm the presence or absence of viable tumor. As previously
mentioned, only cases where a full histological mapping of an

A

entire cross-section was performed were included in this study.
First, the greatest dimension of tumor was measured irrespective
of the presence or absence of tumor necrosis, and this was designated as the TTS. Then, we applied the modified Response Evaluation Criteria in Solid Tumors (mRECIST) criteria for VTS evaluation, by measuring the greatest dimension of the viable tumor
(Fig. 2) [16]. When there were multifocal viable areas within a
single tumor, the greatest dimension of the largest viable focus
was assessed.
Statistical analysis

All statistical analyses were performed using SPSS ver. 25.0
(IBM Corp., Armonk, NY, USA). Continuous data were presented as median with range and were analyzed by Mann-Whitney
test, one-way analysis of variance (ANOVA) and Pearson’s correlation analysis. Categorical data were evaluated by chi-square
test, Fisher exact test, and linear-by-linear association. Survival
analyses for overall survival (OS) and disease-free survival (DFS)
were carried out by the Kaplan-Meier method and log-rank test.
OS was defined as the interval between the date of operation and
the date of last hospital visit or death. DFS was defined as the
interval between the date of operation and the date of the relapse
(first post-operative recurrence or extrahepatic metastasis). To

B

Fig. 2. Method of total tumor size (TTS) and viable tumor size (VTS) assessment. (A) For TTS assessment, the longest dimension of the tumor, including the necrosis, was measured. (B) For VTS assessment, the longest dimension of the viable tumor was measured.
https://jpatholtm.org/
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identify factors associated with TTS or VTS, univariate and multivariate logistic regression analyses were performed. Variables with
p-values < .05 in univariate analysis were included in the multivariate analysis. p-value < .05 was considered to be statistically
significant.

RESULTS
Patient characteristics

A total of 142 cases of surgically resected solitary HCC were
included in the study. The clinicopathological features of the
study population are presented in Table 1. The median age was
60 years (range, 28 to 82 years), and 77.5% (110/142) of the
patients were male. The majority of the cases (78.9%, 112/142)
were associated with chronic hepatitis B virus (HBV) infection,
and 38% (54/142) of the patients received preoperative LRT.
The median tumor size was 5.1 cm (range, 0.4 to 16.7 cm), and
34.5% (49/142) of the cases showed intratumoral necrosis of
any degree. CK19 expression was seen in 8.8% (10/142) of the
HCCs. Pathologic T stages were pT1a in 12.7% (18/142), pT1b
in 43.7% (62/142), pT2 in 29.6% (42/142), and pT4 in 14.1%
(20/142) of cases. As only solitary HCCs were included in this
study, there were no pT3 cases. Surgical resection margins were
negative in 94.4% cases (134/142), positive in 4.9% cases (7/142),
and not evaluable in one case.
Relationship between the TTS and the clinicopathological
characteristics

The TTS of the HCCs were ≤ 2 cm in 19 cases (13.4%) and
> 2 cm in 123 cases (86.6%) (2–5 cm in 51 cases [35.9%],
5–10 cm in 52 cases [36.6%], and >10 cm in 20 cases [14.1%])
(Table 2, Supplementary Table S1). HCCs with TTS > 2 cm
were more frequently associated with high preoperative serum
PIVKA-II level (p = .001) and microvascular invasion (p = .009).
On further stratification with 2 cm, 5 cm and 10 cm cutoffs,
larger HCCs were less frequently associated with an HBV etiology (p = .028), and were more frequently associated with high
preoperative serum AFP and PIVKA-II levels (p = .013 and p <
.001, respectively) (Supplementary Table S1). LRT was performed less frequently in the larger tumors (p = .038). On microscopy, larger tumors more frequently demonstrated microvascular
invasion (p = .038), and major vascular invasion, although marginally significant (p = .071). Larger HCCs were less frequently
associated with cirrhosis in the background liver (p = .005).
TTS was not correlated with other clinicopathological factors, including age, sex, gross type, the presence of necrosis, Edmondhttps://doi.org/10.4132/jptm.2021.07.26

Table 1. Clinicopathologic characteristics
Total (n = 142)
Clinical findings
Age ≥ 60 yr
Sex (male/female)
Etiology
HBV
HCV
Alcohol
HBV + HCV
HBV + alcohol
Budd-Chiari syndrome
Unknown
Preoperative locoregional treatment
TACE
RFA
PEI
TACE + RFA
TACE + PEI
TACE + RFA + PEI
None
Serum AFP level ≥ 1,000 ng/mL
Serum PIVKA-II level ≥ 200 mAU/mL (n = 120)
Pathological findings
Total tumor size (cm)
Viable tumor size (cm)
Gross type
Type 1 (vaguely nodular, expanding nodular)
Type 2 (multinodular confluent, infiltrative,
cirrhomimetic)
Necrosis (present)
Extent of necrosis (%) (n = 49)
Edmondson-Steiner grade
I, II
III, IV
Microvascular invasion (present)
Major vessel invasion (present)
Resection margin status (negative)
Underlying cirrhosis (present)
pT category
pT1a
pT1b
pT2
pT4
CK19 positivity (n = 112)

73 (51.4)
110 (77.5)/32 (22.5)
110 (77.5)
5 (3.5)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
23 (16.2)
54 (38.0)
35 (24.6)
3 (2.1)
3 (2.1)
2 (1.4)
10 (7.0)
1 (0.7)
88 (62.0)
36 (25.4)
60 (50.0)
5.1 (0.4–16.7)
4.3 (0.02–16.7)
68 (47.9)
74 (52.1)
49 (34.5)
60.0 (1–99)
42 (29.6)
100 (70.4)
53 (37.3)
20 (14.1)
134 (94.4)
97 (68.3)
18 (12.7)
62 (43.7)
42 (29.6)
20 (14.1)
10 (8.8)

Values are presented as number (%) or median (range).
HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, trans-arterial chemoembolization; RFA, radiofrequency ablation; PEI, percutaneous ethanol injection; AFP, α-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; CK19, cytokeratin 19.

son-Steiner grade, and CK19 positivity.
Relationship between VTS and the clinicopathological
characteristics after down-staging

When the VTS was applied for all cases, 13/142 cases (9.2%)
https://jpatholtm.org/
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Table 2. Clinicopathological characteristics according to total tumor size (TTS) and viable tumor size (VTS)

Clinical findings
Age ≥ 60 yr
Sex (male/female)
B-viral etiology
Preoperative locoregional treatment
Serum AFP level ≥ 1,000 ng/mL
Serum PIVKA-II level ≥ 200 mAU/mL
(n = 120)
Pathological findings
Gross type 2
Necrosis (present)
Extent of necrosis (%) (n = 49)
Edmondson-Steiner grade III or IV
Microvascular invasion (present)
Major vessel invasion (present)
Underlying cirrhosis (present)
pT category
pT1a
pT1b
pT2
pT4
CK19 positivity (n = 112)

TTS ≤ 2 cm
(n = 19, 13.4%)

TTS > 2 cm
(n = 123, 86.6%)

p-value

VTS ≤ 2 cm
(n = 34, 23.9%)

VTS > 2 cm
(n = 108, 76.1%)

p-value

10 (52.6)
16 (84.2)/3 (15.8)
17 (89.5)
9 (47.4)
2 (10.5)

63 (51.2)
94 (76.4)/29 (23.6)
95 (77.2)
45 (36.6)
34 (27.6)

.909
.565
.365
.368
.157

21 (61.8)
28 (82.4)/6 (17.6)
30 (88.2)
23 (67.6)
4 (11.8)

52 (48.1)
82 (75.9)/26 (24.1)
82 (75.9)
31 (28.7)
32 (29.6)

.166
.434
.125
.001
.037

2/16 (12.5)

58/104 (55.8)

.001

5/29 (17.2)

55/91 (60.4)

9 (47.4)
3 (15.8)
30.0 (10.0–60.0)
10 (52.6)
2 (10.5)
1 (5.3)
15 (78.9)

65 (52.8)
46 (37.4)
65.0 (1.0–99.0)
90 (73.2)
51 (41.5)
19 (15.4)
82 (66.7)

18 (94.7)
0�
0�
1 (5.3)
2/13 (15.4)

0�
62 (50.4)
42 (34.1)
19 (15.4)
8/99 (8.1)

.656
.065
.200
.068
.009
.475
.284
< .001

.327

19 (55.9)
18 (52.9)
72.5 (10.0–99.0)
19 (55.9)
7 (20.6)
3 (8.8)
29 (85.3)

55 (50.9)
31 (28.7)
50.0 (1.0–90.0)
81 (75.0)
46 (42.6)
17 (15.7)
68 (63.0)

31 (91.2)
0�
0�
3 (8.8)
3/19 (15.8)

0�
52 (48.1)
39 (36.1)
17 (15.7)
7/93 (7.5)

< .001
.614
.010
.023
.033
.021
.405
.015
< .001

.369

Values are presented as number (%) or median (range).
AFP, α-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; CK19, cytokeratin 19.

were down-staged according to the AJCC staging system. In
detail, 10 cases that were initially pT1b and three cases that
were initially pT2 by TTS were down-staged to ypT1a. Of the
13 cases, 12 patients (92.3%) had undergone LRT for HCC,
while the remaining one patient did not receive LRT for HCC,
but received chemotherapy for a concurrent rectal cancer. The
median extent of tumor necrosis for the down-staged 13 cases
was 90.0% with a range of 15%–99%. The median VTS for
the total 142 cases was 4.3 cm with a range of 0.02–16.7 cm,
and that for the 13 down-staged cases was 1.4 cm with a range
of 0.02–2.0 cm.
After applying the VTS, 34 patients (23.9%) had tumors of
2 cm or less and 108 (76.1%) had tumors of >2 cm (2–5 cm in
44 cases [31.0%], 5–10 cm in 50 cases [35.2%], and >10 cm in
14 cases [9.9%]) (Table 2, Supplementary Table S2). In addition
to high preoperative serum PIVKA-II level (p < .001) and microvascular invasion (p = .021), high preoperative serum AFP
level (p = .037) and poor histologic grade (p = .033) were more
frequent in tumors with VTS > 2 cm. LRT was less frequently
performed in tumors with VTS > 2 cm (p = .001). The presence
and extent of necrosis were also more frequent and higher in tumors with VTS > 2 cm (p = .010 and p = .023, respectively). On
https://jpatholtm.org/

further stratification with 2 cm, 5 cm, and 10 cm cutoffs, larger
tumors were less frequently associated underlying HBV infection (p = .020), were more frequently associated with high preoperative serum AFP and PIVKA-II levels (p = .016 and p < .001,
respectively), and were less frequently treated preoperatively (p <
.001) (Supplementary Table S2). Histopathologically, microvascular invasion was more frequently observed in larger tumors (p =
.013), and larger HCCs were less frequently associated with cirrhosis in the background liver (p < .001). Tumor necrosis was less
frequently seen in the larger tumors (p = .014). There was no significant difference in age, sex, gross type, and CK19 positivity according to VTS.
Survival analysis results

For the entire cohort of 142 patients, the median OS was 80.5
months (range, 1 to 153 months), and the 5-year and 10-year
survival rates were 67.6% and 53.8%, respectively. The median
time to relapse was 14 months (range, 0 to 134 months) and
DFS rates at 3 and 5 years were 75.3% and 59.6%, respectively.
Univariate analysis showed that AFP level ≥ 1,000 ng/mL (p =
.017), gross type 2 (p = .013), the presence of necrosis (p = .004),
Edmondson-Steiner grade III or IV (p = .007), microvascular
https://doi.org/10.4132/jptm.2021.07.26
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invasion (p = .014), major vessel invasion (p = .019), and CK19
expression (p = .005) were significantly associated with decreased
OS (Table 3). Although there was a tendency for lower OS for
HCCs with TTS > 2 cm and VTS > 2 cm, the results were not
statistically significant (Fig. 3). For DFS, preoperative LRT (p =
.029), PIVKA-II level ≥200 mAU/mL (p = .044), VTS > 2 cm
(p = .028), the presence of necrosis (p = .004), Edmonson-Steiner
grade III or IV (p = .025), microvascular invasion (p = .006), and
major vessel invasion (p < .001) were significantly associated with
decreased DFS (Table 3, Fig. 3). Kaplan-Meier analysis demonstrated decreased DFS in HCCs with TTS > 2 cm, although marginally significant (p = .051).
On multivariate analysis, AFP level ≥ 1,000 ng/mL (hazard
ratio [HR], 1.946; 95% confidence interval [CI], 1.023 to 3.701;
p = .042) and necrosis (HR, 3.044; 95% CI, 1.662 to 5.574; p <
.001) were identified as independent predictive factors for poor
OS, and preoperative LRT (HR, 2.315; 95% CI, 1.456 to 3.682;
p < .001), microvascular invasion (HR, 1.583; 95% CI, 1.012
to 2.476; p = .044), major vessel invasion (HR, 1.893; 95% CI,
1.054 to 3.400; p = .033), and, notably, VTS > 2 cm (HR, 2.672;
95% CI, 1.502 to 4.755; p = .001) were independent predictive
factors for decreased DFS.

Subgroup analysis: preoperative LRT cohort

The subgroup of HCC patients who received LRT (n = 54)
was analyzed separately, and the clinicopathological features are
presented in Supplementary Table S3. The median period between the date of the most recent LRT and the operation date
was 2 months (range, 0 to 96 months). The median tumor size
was 3.8 cm (range, 0.4 to 11.9 cm), and 75.9% (41/54) of the
cases showed intratumoral necrosis (extent of necrosis, 1%–99%).
CK19 expression was seen in 11.5% (3/26), and there was no
statistically significant difference in CK19 expression status in
the HCCs according to preoperative treatment status (p = .594).
According to TTS, nine patients (16.7%) had tumors with ≤ 2 cm,
23 patients (42.6%) had tumors 2–5 cm, 18 patients (33.3%) had
tumors with size 5–10 cm, and four patients (7.4%) had tumors
> 10 cm. After applying the VTS, the number of HCCs ≤ 2 cm
increased to 23 cases (42.6%); 17 and 14 cases (31.5 and 25.9%)
had tumor sizes of 2–5 cm and 5–10 cm, respectively, and none of
the cases were larger than 10 cm. There was no significant correlation between VTS and the time elapsed from the most recent
LRT.
Similarly to the total population, larger tumors in the LRT
cohort demonstrated worse OS and DFS. OS in HCCs with TTS
or VTS > 2 cm were shorter than those with TTS or VTS ≤ 2

Table 3. Univariate and multivariate analyses of clinical and histopathological features for overall and disease-free survival (total cohort
n=142)
Overall survival
Variable

Univariate analysis
HR (95% CI)

Clinical features
Male sex
1.499 (0.844–2.664)
Age > 60 yr
1.221 (0.731–2.039)
B-viral etiology
1.065 (0.565–2.008)
1.454 (0.866–2.443)
Preoperative
locoregional treatment
1.946 (1.125–3.368)
AFP ≥ 1,000 ng/mL
PIVKA-II level
1.200 (0.688–2.094)
≥ 200 mAU/mL (n = 120)
Pathological features
Gross type 2
1.972 (1.157–3.362)
1.758 (0.703–4.397)
TTS > 2 cm
VTS > 2 cm
1.498 (0.778–2.887)
Necrosis
2.157 (1.287–3.615)
E-S grade III or IV
2.468 (1.279–4.763)
Microvascular invasion 1.900 (1.139–3.170)
Major vessel invasion
2.144 (1.135–4.048)
Underlying cirrhosis
1.257 (0.715–2.209)
CK19 positivity (n = 112) 3.242 (1.433–7.332)

Disease-free survival

Multivariate analysis (n=112)

Univariate analysis

p-value

HR (95% CI)

p-value

HR (95% CI)

.168
.445
.845
.162

-

-

1.460 (0.950–2.245)
1.043 (0.719–1.514)
1.001 (0.641–1.565)
1.530 (1.044–2.242)

.017

1.946 (1.023–3.701)

.521

-

.013
.227
.227
.004
.007
.014
.019
.427
.005

.042
-

3.044 (1.662–5.574) < .001
2.363 (0.977–5.716) .056
2.156 (0.941–4.940) .069

Multivariate analysis (n=120)

p-value

HR (95% CI)

p-value

.084
.825
.995
.029

2.315 (1.456–3.682)

< .001

1.362 (0.889–2.086)

.155

-

-

1.529 (1.012–2.309)

.044

-

-

1.407 (0.968–2.045)
.074
1.818 (0.974–3.391)
.060
1.689 (1.058–2.696)
.028
1.777 (1.205–2.620)
.004
1.625 (1.064–2.484)
.025
1.692 (1.159–2.470)
.006
2.528 (1.527–4.185) < .001
0.965 (0.648–1.437)
.861
1.691 (0.814–3.515)
.159

2.672 (1.502–4.755)
1.583 (1.012–2.476)
1.893 (1.054–3.400)
-

.001
.044
.033
-

HR, hazard ratio; CI, confidence interval; AFP, α-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; TTS, total tumor size; VTS, viable tumor
size; E-S grade, Edmondson-Steiner grade; CK19, cytokeratin 19.
https://doi.org/10.4132/jptm.2021.07.26
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DISCUSSION
The extent of residual viable tumor after neoadjuvant treatment is a prognostic factor for various malignant neoplasms,
including esophageal, gastric, pancreatic, lung, and colorectal
cancers [17-21]. For example, for pancreatic ductal adenocarcinoma, the maximal dimension of the residual tumor is used for
assigning the ypT stage according to the TNM system, and although there is still no worldwide consensus on what grading system should be used to evaluate response to neoadjuvant therapy,
the degree of tumor response is reported in surgical pathology
https://jpatholtm.org/
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(TTS > 2 cm) but down-staged to VTS ≤ 2 cm after LRT showed
significantly longer DFS compared to HCCs with VTS > 2 cm,
and the DFS of the down-staged tumors were similar to that of
HCCs that were originally (TTS) ≤ 2 cm. This suggests that
VTS ≤ 2 cm could be considered ypT1a regardless of the original
TTS before LRT. This may have important clinical implications,
as patients with HCCs that are down-staged to ypT1a based on
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From the practical point of view, measuring tumor size may
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cally scattered viable tumors. However, we did experience difficross section to ensure an accurate size measurement in the availculties with accurately measuring the VTS in some of our cases,
able cross section. This resulted in the smaller number of HCC
especially when there was an irregular geographic distribution of
cases enrolled, which is another limitation of this study.
intratumoral necrosis. For example, in one case, the VTS (1.2 cm)
In conclusion, although the impact on patient survival according to VTS or TTS measurement was not significantly different,
was considerably lower than the TTS (8.5 cm), although the percentage of tumor necrosis was only 30%. On the other hand, in
HCCs that were down-staged to VTS ≤2 cm after preoperative
another case with 95% necrosis, there was only a small decrease
LRT had similar outcomes to HCCs that were originally smaller
in tumor size, from 3.5 cm (TTS) to 1.9 cm (VTS). Nevertheless,
than 2 cm, suggesting that such tumors may be assigned as ypT1a
measurement of the VTS was feasible for the majority of cases,
by the AJCC TNM system and that reporting the VTS may help
and actually easier to assess compared to estimating the extent
to increase the number of HCC patients that are eligible for surgery after LRT.
of intratumoral necrosis, especially for tumors with near total necrosis. Another problem with the TTS is that the TTS may not
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Supplementary Table S1. Clinicopathological characteristics according to total tumor size
≤2 cm
(n=19, 13.4%)

2‒5 cm
(n=51, 35.9%)

5‒10 cm
(n=52, 36.6%)

>10 cm
(n=20, 14.1%)

p-value

Age ≥60 yr

10 (52.6)

29 (56.9)

21 (40.4)

13 (65.0)

.921

Sex (male/female)

16 (84.2)/3 (15.8)

40 (78.4)/11 (21.6)

35 (67.3)/17 (32.7)

19 (95.0)/1 (5.0)

.920

B-viral etiology

17 (89.5)

42 (82.4)

41 (78.8)

12 (60.0)

.028

Preoperative locoregional treatment

9 (47.4)

23 (45.1)

18 (34.6)

4 (20.0)

.038

Serum AFP level ≥1,000 ng/mL

2 (10.5)

9 (17.6)

18 (34.6)

7 (35.0)

.013

Serum PIVKA-II level ≥200 mAU/mL (n=120)

2/16 (12.5)

10/42 (23.8)

31/43 (72.1)

17/19 (89.5)

<.001

Gross type 2

9 (47.4)

26 (51.0)

24 (46.2)

15 (75.0)

.193

Necrosis (present)

3 (15.8)

21 (41.2)

16 (30.8)

9 (45.0)

.253

Extent of necrosis (%) (n=49)

30.0 (10.0-60.0)

70.0 (1.0-99.0)

65.0 (1.0-90.0)

40.0 (10.0-80.0)

.585

Edmondson-Steiner grade III or IV

10 (52.6)

36 (70.6)

39 (75.0)

15 (75.0)

.120

Microvascular invasion (present)

2 (10.5)

18 (35.3)

26 (50.0)

7 (35.0)

.038

Major vessel invasion (present)

1 (5.3)

6 (11.8)

8 (15.4)

5 (25.0)

.071

Underlying cirrhosis (present)

15 (78.9)

40 (78.4)

33 (63.5)

9 (45.0)

.005

Clinical findings

Pathological findings

pT category

<.001

pT1a

18 (94.7)

0

0

0

pT1b

0

31 (60.8)

21 (40.4)

10 (50.0)

pT2

0

16 (31.4)

20 (38.5)

6 (30.0)

pT4

1 (5.3)

4 (7.8)

11 (21.2)

4 (20.0)

2/13 (15.4)

4/40 (10.0)

3/41 (7.3)

1/18 (5.6)

CK19 positivity (n=112)

Values are presented as median (range) or number (%).
AFP, α-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; CK19, cytokeratin 19.

.316

Supplementary Table S2. Clinicopathological characteristics according to viable tumor size
≤ 2 cm
(n=34, 23.9%)

2-5 cm
(n=44, 31.0%)

5-10 cm
(n=50, 35.2%)

> 10 cm
(n=14, 9.9%)

p-value

Age ≥60 yr

21 (61.8)

23 (52.3)

20 (40.0)

9 (64.3)

.319

Sex (male/female)

28 (82.4)/6 (17.6)

34 (77.3)/10 (22.7)

34 (68.0)/16 (32.0)

14 (100)/0 (0)

.986

B-viral etiology

30 (88.2)

36 (81.8)

38 (76.0)

8 (57.1)

.020

Preoperative locoregional treatment

23 (67.6)

17 (38.6)

14 (28.0)

0 (0.0)

<.001

Serum AFP ≥1,000 ng/mL

4 (11.8)

10 (22.7)

17 (34.0)

5 (35.7)

.016

Serum PIVKA-II level ≥200 mAU/mL (n=120)

5/29 (17.2)

9/35 (25.7)

34/43 (79.1)

12/13 (92.3)

<.001

Gross type 2

19 (55.9)

22 (50.0)

22 (44.0)

11 (78.6)

.713

Necrosis (present)

18 (52.9)

14 (31.8)

14 (28.0)

3 (21.4)

.014

Extent of necrosis (%) (n=49)

72.5 (10.0‒99.0)

36.5 (1.0‒90.0)

65.0 (1.0‒80.0)

40.0 (40.0‒40.0)

.091

Edmondson-Steiner grade III or IV

19 (55.9)

33 (75.0)

37 (74.0)

11 (78.6)

.080

Microvascular invasion (present)

7 (20.6)

15 (34.1)

25 (50.0)

6 (42.9)

.013

Major vessel invasion (present)

3 (8.8)

6 (13.6)

7 (14.0)

4 (28.6)

.139

Underlying cirrhosis (present)

29 (85.3)

33 (75.0)

31 (62.0)

4 (28.6)

<.001

Clinical findings

Pathological findings

pT category

<.001

pT1a

31 (91.2)

0 (0.0)

0 (0.0)

0 (0.0)

pT1b

0 (0.0)

25 (56.8)

21 (42.0)

6 (42.9)

pT2

0 (0.0)

13 (29.5)

22 (44.0)

4 (28.6)

pT4

3 (8.8)

6 (13.6)

7 (14.0)

4 (28.6)

3/19 (15.8)

3/36 (8.3)

3/43 (7.0)

1/14 (7.1)

CK19 positivity (n=112)
Values are presented as median (range) or number (%).

AFP, α-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; CK19, cytokeratin 19.

.341

Supplementary Table S3. Clinicopathologic characteristics of the subgroup with preoperative locoregional
treatment
Total (n=54)
Clinical findings
Age ≥60 yr
Sex (male/female)

31 (57.4)
42 (77.8)/12 (22.2)

Etiology
HBV

47 (87.0)

HCV

1 (1.9)

Alcohol

1 (1.9)

HBV+alcohol

1 (1.9)

Unknown

4 (7.4)

Serum AFP ≥1,000 ng/mL

14 (25.9)

Serum PIVKA-II level ≥200 mAU/mL (n=48)

16 (33.3)

Pathological findings
Tumor size (cm)

3.8 (0.4‒11.9)

Gross type
Type 1 (vaguely nodular, expanding nodular)

20 (37.0)

Type 2 (multinodular confluent, infiltrative, cirrhomimetic)

34 (63.0)

Necrosis (present)
Extent of necrosis (%) (n=41)

41 (75.9)
70.0 (1-99)

Edmondson-Steiner grade
I, II

13 (24.1)

III, IV

41 (75.9)

Microvascular invasion (present)

17 (31.5)

Major vessel invasion (present)

9 (16.7)

Underlying cirrhosis (present)

46 (85.2)

pT category
pT1a

8 (14.8)

pT1b

22 (40.7)

pT2

10 (18.5)

pT4

14 (25.9)

CK19 positivity (n=26)
Values are presented as median (range) or number (%)

3 (11.5)

HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, α-fetoprotein; PIVKA-II, prothrombin induced by
vitamin K absence-II; CK19, cytokeratin 19.
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CASE STUDY

Appendiceal actinomycosis mimicking appendiceal tumor,
appendicitis or inflammatory bowel disease
You-Na Sung, Jihun Kim
Department of Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Appendiceal actinomycosis is very rare and its diagnosis is often difficult even in surgically resected specimens. Here we report two
cases of appendiceal actinomycosis confirmed by pathologic examination of surgically resected specimens. Characteristic histologic
features included transmural chronic inflammation with Crohn-like lymphoid aggregates and polypoid mucosal protrusion into cecal lumen through fibrous expansion of the submucosa. Chronic active inflammation involved the mucosa of the appendix and cecum
around the appendiceal orifice. Crohn’s disease with predominant cecal involvement and inflammatory pseudotumor were considered
as differential diagnoses. Careful examination revealed a few actinomycotic colonies in the mucosa, confirming the diagnosis. A high index of suspicion with awareness of the characteristic histologic features might prompt careful inspection for the actinomycotic colonies,
leading to the appropriate diagnosis of this rare disease.
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Actinomyces are gram-positive anaerobic bacteria, one of the
commensals of human mucous membrane [1]. They can cause
chronic inflammation when normal mucous membrane is damaged due to various causes such as abdominal surgery, bowel preparation, or trauma [2]. The most common species in human is
Actinomycetes israelii and it is known to usually involve cervicofacial, thoracic, and abdominal areas [3,4]. The appendix is the
most preferred organ in the abdominal area [4,5]. Appendiceal
actinomycosis is very rare and presents with nonspecific symptoms, which can mimic several other diseases including appendiceal malignancy, acute appendicitis, or inflammatory bowel
disease. Because treatment is different depending on the diagnosis,
unnecessary surgery can be avoided if malignancy is excluded.
Therefore, there have been several studies attempting to diagnose this condition with specific radiologic or endoscopic features
[1,4,6,7]. However, these radiologic, endoscopic, and clinical
features are not diagnostic, and the final diagnosis of actinomycosis usually requires pathologic confirmation after exploratory
surgery [5]. Until recently, there have been limited reports in the
literature describing the pathologic features of appendiceal actipISSN 2383-7837
eISSN 2383-7845

nomycosis [1,5,7-13]. If the causative organism is easily identifiable in biopsy material, the diagnosis can be rendered without
surgery. However, a pathologic diagnosis is often difficult even
on the resected specimen because this disease can mimic Crohn’s
disease or inflammatory pseudotumor and the causative organisms are sometimes very hard to find. Here, we report two patients
with appendiceal actinomycosis to help pathologists recognize and
diagnose this rare disease.

CASE REPORT
Case 1

A 61-year-old woman presented with a mass-like lesion on
imaging studies during health screening without any specific
symptom. She had been diagnosed with breast cancer 9 years
ago. Laboratory tests revealed mild leukocytosis (11.1 × 102/μL)
and increased C-reactive protein (3.41 mg/dL). Abdominal
contrast-enhanced computed tomography (CT) revealed appendicolith, periappendiceal fat infiltration with prominent wall
thickening, and arterial enhancement in the appendiceal base
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(Fig. 1A). No mural thickening or contrast enhancement was
found in the small intestine or other parts of the colon. Based
on these findings, appendicitis with peri-appendiceal abscess or
other inflammatory mass was suspected, but a primary appendiceal neoplasm could not be completely excluded. Colonofiberscopy (CFS) showed cecal contraction with multiple small polyps
and scars in the large intestine. Intestinal tuberculosis was added
to the list of differential diagnoses. Colonoscopic biopsy showed
a focal active colitis pattern only and no actinomycotic colonies
were found (data not shown).
Ileocecal resection was performed for histologic confirmation.
Upon surgery, a mass-like lesion was observed in the appendiceal orifice and regional ileocolic lymph nodes were enlarged. On
gross examination, the base of the appendiceal wall was markedly thickened and fibrotic (Fig. 1B). The appendiceal lumen
was filled with fecal materials. On microscopy, the most striking

features under low magnification were transmural chronic inflammation with Crohn-like lymphoid aggregates and marked mural
thickening (Fig. 2A). The thickened appendiceal and peri-appendiceal cecal wall showed multiple foci of mixed chronic inflammatory cell infiltration and fibrosis reminiscent of inflammatory
pseudotumor (Fig. 2C). The mucosa showed chronic active inflammation, including cryptitis, crypt abscess, crypt distortion, and
lymphoplasmacytic infiltration in the lamina propria (Fig. 2D).
Fibrous thickening of the subserosa and reactive regional lymph
node hyperplasia were observed but there was no neutrophilic
infiltration in the proper muscle. A few colonies of filamentous
micro-organism of about 150 µm were found within the mucosa
as well as in the appendiceal lumen (Fig. 2E), and the filamentous nature of the colonies were better appreciated on periodic
acid–Schiff staining (Fig. 2F). The patient was diagnosed with
appendiceal actinomycosis and was discharged without any com-

A

B

C

D

Fig. 1. Radiologic, colonoscopic, and gross features. (A) Contrast-enhanced computed tomography of case No. 1 shows appendicolith, fat
infiltration with prominent wall thickening with contrast enhancement in the appendiceal base (arrow). (B) The resected appendix shows
marked mural thickening, dilated appendiceal lumen and central fecalith. (C) Colonoscopic image of case No. 2 shows an approximately
10 mm-sized hyperemic mucosal bulging around the appendiceal orifice. (D) Cut surface of the resected specimen shows mucosal bulging
(about 1.0cm in great dimension) on the orifice of appendix (arrow).
https://jpatholtm.org/
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Case 2

plications. No additional antibiotics were taken, and until 6
months after surgery, there were no complications or recurrence
of actinomycosis.

A previously healthy 45-year-old man was incidentally found
to have a submucosal mass in the periappendiceal orifice during

A

B

C

D

E

F

Fig. 2. Representative microscopic pictures. (A) Chronic transmural inflammation with scattered lymphoid follicles or aggregates are observed. (B) The bulging mucosa in colonoscopy is hypertrophic fibroadipose tissue that is covered by inflamed mucosa. (C) One of the fibroinflammatory foci shows marked lymphoplasmacytic infiltration with fibrosis that is reminiscent of inflammatory pseudotumor. (D) The inflamed mucosa of the appendix shows marked lymphoplasmacytosis, crypt abscess, and crypt distortion. (E) An actinomycotic colony is
surrounded by mixed inflammatory cell infiltrates. (F) The filamentous nature is better demonstrated by Periodic acid–Schiff staining.
https://doi.org/10.4132/jptm.2020.05.17
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routine CFS screening. An approximately 1.0 cm-sized hyperemic mucosal bulging was observed around the appendiceal orifice (Fig. 1C). Like case No. 1, the causative organisms were not
found in the colonoscopic biopsy specimen. Contrast-enhanced
abdominal CT showed intraluminal calcification and enhancing
wall thickening in the appendix. Physical examination and laboratory investigation were unremarkable. Based on these findings, both chronic appendicitis and appendiceal malignancy
were considered.
The patient underwent ileocecal resection. On gross examination, mucosal bulging (about 1.0 cm in the greatest dimension) was observed in the appendiceal orifice (Fig. 1D). The entire
appendiceal wall was fibrotic and the periappendiceal soft tissue
was rough and hemorrhagic. A few actinomycotic colonies with
surrounding active inflammation were observed in the mucosa.
In contrast to case No. 1, additional gross examination and step
sectioning were required for identification of the organisms.
Prominent transmural reactive lymphoid hyperplasia was also
present mainly in the appendix. Mucosal bulging, which looked
like a mass lesion on CFS, turned out to be reactive fibroadipose
tissue hypertrophy due to chronic inflammation (Fig. 2B). The
patient was diagnosed with appendiceal actinoymycosis and
discharged with oral antibiotics (amoxicillin) for 2 months. Ten
months after the surgery, the patient had no other complications
or recurrence of actinomycosis.

DISCUSSION
The purpose of this report is to further define the pathologic
features of appendiceal actinomycosis so that an accurate pathologic diagnosis can be made. Both cases had localized chronic
transmural inflammation with scattered Crohn-like lymphoid
aggregates or follicles across the base of the appendix and the
cecum around the appendiceal orifice. In addition, there was reactive fibroadipose tissue hypertrophy that appeared as a bulging mass in the appendiceal orifice. Actinomycotic colonies,
which are critical for the diagnosis, were relatively hard to find
and only a few colonies were observed in the superficial lamina
propria and appendiceal lumen. The appendiceal tip had fibrosis
similar to chronic appendicitis, and active inflammation was rarely
observed. Although a confirmatory diagnosis through colonoscopic biopsy is usually limited, awareness of these pathologic
features might lead to an accurate diagnosis of this rare inflammatory mass-like lesion.
To date, there have been a few reports in the literature describing appendiceal actinomycosis, and their clinicopathologic feahttps://jpatholtm.org/

tures are summarized in Table 1 [1,5,7-13]. Among the 10 cases,
six cases were initially diagnosed with appendicitis, while atypical inflammatory condition was suspected in four cases, and one
case was suspected to have a malignant tumor on imaging studies. In our series, both patients were asymptomatic, and a wide
range of preoperative differential diagnoses including neoplasm,
chronic appendicitis, inflammatory mass-like lesion, and tuberculosis were considered. Radiologically, the appendiceal actinomycosis can mimic a malignant neoplasm because it can show
contrast enhancement and infiltration into the surrounding tissue. Although these are actually granulation tissue and fibrotic
reaction associated with actinomycosis [6], complete exclusion
of malignancy is often impossible. Furthermore, goblet cell adenocarcinoma of the appendix may frequently mimic an inflammatory lesion on abdominal CT [14], and tumor cells may not
reach the appendiceal orifice in many of them. For these reasons,
surgical exploration is frequently required for confirmatory diagnosis.
In pathological perspective, Crohn’s disease is histologically
quite similar to the actinomycosis in that chronic transmural inflammation is evident. In such cases, it is more suggestive of Crohn’s
disease when the lesion is not limited to the appendix and histologic features such as patchy lymphoplasmacytic infiltration,
non-caseating granulomas, fissure or fistula are observed in bowel
segments other than the appendix. Thus, integration of colonoscopic findings and pathologic features is required to exclude
Crohn’s disease in most cases.
While acute appendicitis should be treated by surgical removal of the appendix [15,16], asymptomatic appendiceal actinomycosis as in our cases might be amenable to medical treatment with antibiotics [5]. Surgery is reserved for patients who
fail to respond to antibiotic therapy, or for those with complicated disease as a therapeutic adjunct [4,5,8]. When patients do
not show a progressive clinical course, and malignancy is not in
the top list of radiologic differential diagnosis, antibiotic therapy
might be carefully tried in the presence of microscopic proof of
actinomycotic colonies. If patients respond to medical treatment, surveillance endoscopic biopsy along with radiologic test
can be used afterwards. If not, pathologic confirmation after
surgical resection is required [4,5,7].
To try medical treatment in a patient with suspected appendiceal actinomycosis, detection of the organisms in colonoscopic
material is essential. There is a report on an appendiceal actinomycosis case diagnosed by endoscopic biopsy [17]. In the report,
the patient had a past history of prior surgical resection for colon
adenocarcinoma, and follow up colonoscopic biopsy on a nodular
https://doi.org/10.4132/jptm.2020.05.17
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Table 1. Clinicopathologic features of reported cases of appendiceal actinomycosis
Case

Study

Age (yr)/
Sex

Symptom

Radiologic or colonoscopic finding

Initial diagnosis

Pathologic feature

Treatment

Subepithelial luminal protrusion in the
region of the appendiceal orifice
with a whitish liquid material
discharge
Non compressible enlarged cecal
appendix (58 mm) with
peri-appendiceal edema

Uncertain

Polymorphic cell infiltrate
and erosion with
appendiceal fibrosis

Appendicitis

53/M Abdominal pain,
fever

Distended appendix (9 mm) with
surrounding mesenteric stranding

Appendicitis

Liu et al.
(2016) [7]

54/F

Abdominal pain,
fever

Markedly thickened appendix
(18 mm) with periappendiceal fat
stranding

Appendicitis

5

Ng et al.
(2014) [12]

19/F

Abdominal pain,
nausea, and
vomiting

Markedly swollen appendix (2.3 cm)
with a calcified appendicolith

Uncertain

6

Karakus et al.
(2014) [13]

14/M Abdominal pain
and vomiting

Appendicitis

7

Lee et al.
(2010) [1]

50/F

Increased (10 mm) thickness of
the appendix with nonperistaltic
ileocecal region on ultrasonography
Well defined mass (2 cm) at the origin
of appendix

Chronic fistulized
Appendectomy
appendicitis with
transmural lymphoid
infiltration
Lymphoid hyperplasia and Appendectomy with
chronic inflammatory
IV/oral antibiotics
cells in muscularis
(6 months)
propria and serosa
Suppurative
Preoperative
granulomatous
antibiotics
inflammation
and drainage
with elective
appendectomy
Extensive chronic
Ileocecectomy
inflammation and
eosinophilic infiltration
within the wall of
appendix
Vermiform appendix with Appendectomy
neutrophilic infiltration

8

Nissotakis et al.
(2008) [9]

31/M Abdominal pain

No sign of appendicitis on X-ray and
ultrasonography

9

Karagulle et al.
(2008) [10]

51/F

3 × 2-cm-sized enhancing mass near
cecum

10

Koren et al.
(2002) [11]

83/F

1

Atalaia-Martins
66/F
et al. (2018) [8]

Abdominal pain

2

39/M Abdominal pain,
Gomez-Torres
et al. (2017) [5]
fever, nausea,
and vomiting

3

Liu et al.
(2016) [7]

4

Incidental
finding (routine
screening)

Abdominal pain,
fever and
vomiting
Abdominal pain

Lobular mass (5 m) attached to the
cecum

lesion in the anastomosis site revealed actinomycotic colonies.
However, in general, diagnostic actinomycotic colonies are seldom detected in biopsy material like the present series. Regarding the diagnostic sensitivity for the actinomycotic colonies, there
is no consensus upon how many pieces of biopsy are recommended for detection of the causative organisms. In general, a
greater number of biopsies would lead to a better diagnostic
yield. However, abdominal actinomycosis cannot be easily diagnosed without surgical intervention and colonoscopic approach
is often limited in terms of specimen size and accessibility to the
lesion especially for that in the appendix. Thus, ultrasound or
CT guided aspiration or biopsy, or explorative laparotomy may
be a more realistic diagnostic option [5,9-11]. Furthermore, if
https://doi.org/10.4132/jptm.2020.05.17

Appendiceal Localized abscess
neoplasm
formation of the
of mucosal
appendiceal wall
origin
Appendicitis Transmural inflammatory
cell infiltrate with
lymphoid hyperplasia
and fibrosis
Appendicitis Chronic active
inflammation around
sulfur granules
Uncertain
Dense inflammatory
cell infiltration within
muscularis and fibropurulent reaction over
the serosa

Right
hemicolectomy

Appendectomy

Appendectomy with
oral antibiotics
(6 months)
Appendectomy with
IV/oral antibiotics
(3 months)
Right
hemicolectomy
with IV/oral
antibiotics
(6 months)

there is a past history of previous surgical procedure, bowel preparation, trauma, or prolonged use of intrauterine devices, more
aggressive preoperative diagnostic approach might be needed.
In conclusion, integration of clinical, colonoscopic, and radiological features with pathologic findings is necessary to diagnose
appendiceal actinomycosis. Awareness of these characteristic
clinicopathologic features might lead to suspect and accurately
diagnose this uncommon, but clinically important disease. Because the causative organisms are often very hard to find, serial
sectioning is advised in colonoscopic biopsy material and extensive sampling is advised in surgically resected specimen.
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CASE STUDY

Primary hepatic mixed germ cell tumor in an adult
Hyun-Jung Sung1, Jihun Kim1, Kyu-rae Kim1, Shinkyo Yoon2, Jae Hoon Lee3, Hyo Jeong Kang1,4
Departments of 1Pathology, 2Oncology, and 3Surgery, 4Asan Liver Center, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Primary hepatic mixed germ cell tumor (GCT) is very rare, and less than 10 cases have been reported. We report a case of mixed GCT
composed of a choriocarcinoma and yolk sac tumor, which occurred in the liver of a 40-year-old woman. A large mass was detected by
computed tomography solely in the liver. Serum β-human chorionic gonadotropin (hCG) was highly elevated, otherwise, other serum tumor markers were slightly elevated or within normal limits. For hepatic choriocarcinoma, neoadjuvant chemotherapy was administered,
followed by right lobectomy. Histologic features of the resected tumor revealed characteristic choriocarcinoma features with diffuse
positivity for hCG in the syncytiotrophoblasts and diffuse positivity for α-fetoprotein and Sal-like protein 4 in the yolk sac tumor components. Primary malignant GCT in the liver is associated with a poor prognosis and requires specific treatment. Therefore, GCT should be
considered during a differential diagnosis of a rapidly growing mass in the liver.
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Germ cell tumors (GCTs) are currently hypothesized to originate from misplaced primordial germ cells [1]. GCTs usually occur in the gonads. However, GCTs can occur in many extragonadal sites, including the hepatobiliary system, retroperitoneum,
and mediastinum from misplaced primordial germ cells during
their migration to the gonad [2]. GCTs in the liver are uncommon
and constitute less than 1% of all hepatic neoplasms [3]. Most
of the reported cases occurred in young children before 3 years
of age, and about half of the cases were malignant [4]. Among
them, mixed GCTs are extremely rare, and fewer than five cases
of mixed GCTs have been reported in the English literature [2-5].
Previously reported mixed GCT primarily had a mature or immature teratoma component [4,5]. In adults, only one yolk sac
tumor case with an immature teratoma has been reported [4].
Herein, we report the first case of primary hepatic mixed GCT
composed of a choriocarcinoma and yolk sac tumor in a middleaged Korean woman.

CASE REPORT
A 40-year-old female patient visited an outside hospital and
pISSN 2383-7837
eISSN 2383-7845

presented with a 1-month history of uncontrolled abdominal pain.
The patient was previously healthy without any notable medical
history and her obstetric history was G1P0 with one miscarriage
due to spontaneous abortion. She was referred to the Asan Medical Center and computed tomography (CT) indicated that she
had a very large liver mass. Her serum β-human chorionic gonadotropin (hCG) was highly elevated (204,200 mIU/mL; normal range, < 3 mIU/mL). Other serum tumor markers of alphafetoprotein (AFP, 39.8 ng/mL; normal range, < 7.5 ng/mL) and
prothrombin induced by the absence of vitamin K (PIVKA-II,
42 mAU/mL; normal range, < 40 mAU/mL) were slightly elevated, while the levels of serum carbohydrate antigens (CA19-9)
and carcinoembryonic antigens (CEA) were within normal limits.
Magnetic resonance imaging showed a growing mass that measured 15 × 8.5 cm in the right lobe with multiple intrahepatic
metastases in segment IV and the right lobe, which is not a radiological specific finding for hepatocellular carcinoma (Fig. 1A).
Positron emission tomography–computed tomography (PETCT) did not show any extrahepatic lesions. In addition, gynecological ultrasonography did not detect any gestational lesions or
malignancy. A target liver biopsy showed nearly all necrotic tis-
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A

B

Fig. 1. Radiologic and gross findings. (A) Magnetic resonance image shows hepatomegaly with a large hypervascular mass in the right lobe.
(B) The cut surface of a slice from a surgically resected specimen shows a heterogenous pinkish-yellow color, extensive necrosis, and hemorrhage.

A

B

C

D

Fig. 2. Microscopic and immunohistochemical (IHC) findings of the choriocarcinoma area. (A) Tumor cells are accompanied by extensive
hemorrhage. (B) Tumor cells consist of a mixture of syncytiotrophoblastic and cytotrophoblastic cells. (C) The syncytiotrophoblastic cells are
multinucleated with pleomorphic nuclei. (D) β-Human chorionic gonadotropin IHC staining is strongly and diffusely positive.
https://jpatholtm.org/
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sue with only a few atypical cells that were diagnosed as insignificant. Based on the clinical information, she was diagnosed with
primary hepatic choriocarcinoma, and the patient received neoadjuvant chemotherapy (etoposide, methotrexate, actinomycin D,
cyclophosphamide, and vincristine, EMA-CO) before surgical resection. After nine cycles of chemotherapy, the serum β-hCG
level was markedly decreased to 47 mIU/mL.
The patient underwent a right hepatectomy and recovered
without immediate postoperative complications. Macroscopically, the resected specimen was entirely composed of a well-demarcated and multilobulated 15 × 8.5 cm solid mass. The cut
surface revealed a heterogenous pinkish-yellow color, extensive
necrosis, and hemorrhage (Fig. 1B). Histologically, the tumor
was composed of two GCT components including choriocarcinoma and yolk sac tumors with hepatoid component variants. The
choriocarcinoma area showed extensive hemorrhage (Fig. 1A)

and numerous syncytiotrophoblasts surrounded by cytotrophoblasts (Fig. 2B, C). The syncytiotrophoblasts were diffusely positive for hCG in immunohistochemical (IHC) staining (Fig. 2D).
The histological features of the yolk sac tumor showed endodermal sinus-like patterns with Schiller-Duval bodies (Fig. 3A).
Hepatoid variant components were multifocally identified in the
yolk sac tumor area (Fig. 3B). The tumor cells in the yolk sac tumor area were diffusely positivity for AFP and Sal-like protein 4
(SALL4) based on IHC staining (Fig. 3C, D). The serum β-hCG
level returned to normal (2.3 mIU/mL) after surgery. Despite adjuvant chemotherapy (EMA-CO), multiple intrahepatic and pulmonary metastases were found on a follow-up CT scan on postoperative day 58. She then received gamma knife radiosurgery
for 1.2 cm brain metastases in the right parietal lobe on postoperative day 219, and continued adjuvant chemotherapy.

A

B

C

D

Fig. 3. Microscopic and immunohistochemical (IHC) findings of a yolk sac tumor with a hepatoid variant area. (A) A typical Schiller-Duval
body is identified. (B) A hepatoid variant component of the yolk sac tumor is observed. (C) α-Fetoprotein IHC staining is strongly and diffusely
positive. (D) Sal-like protein 4 IHC staining is partially positive.
https://doi.org/10.4132/jptm.2021.06.16
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Table 1. Overview of histologically confirmed primary hepatic GCT cases in adults
No.

Author

Age (yr)/Sex

Size (cm)

Treatment

Survival 

1
2
3
4
5
6
7
8
9
10
11
12
13

Narita et al. [11]
Villaschi and Balistreri [12] 
Wong et al. [18]
Arai et al. [20]
Shi et al. [13] 
Shi et al. [13]
Shi et al. [13]
Shi et al. [13]
Shi et al. [13]
Bakhshi et al. [21]
Sekine et al. [15]
Makhmud et al. [8]
Kohler et al. [14]

27/F
28/F
28/F
65/M
39/M
45/M
48/M
36/M
40/M
40/M
49/M
54/F
64/M

11
15
15
-
12
11
13
10
9
-
10
-
14.5

Resection, CTx
Resection 
Resection
None
Resection, CTx
CTx
CTx
CTx
Resection, CTx
Resection
Resection
Resection, CTx
Resection, CTx

> 12 mo 
-
> 12 mo 
45 days 
6 mo
2 mo
3 mo
5 mo
8 mo
10 days
2 mo
-
5 mo

Diagnosis

Metastasis

IHC (+)

Yolk sac tumor
No
AFP 
Yolk sac tumor
No
SALL4 
Yolk sac tumor
No
AFP
Choriocarcinoma
No
hCG
Choriocarcinoma
No
hCG
Choriocarcinoma
Lung, brain
hCG 
Choriocarcinoma
Lung
hCG 
Choriocarcinoma Peritoneum, adrenal gland hCG
Choriocarcinoma
No
hCG
Choriocarcinoma
No
hCG
Choriocarcinoma
No
hCG 
Choriocarcinoma
Lung
hCG 
Choriocarcinoma
Lung
hCG

GCT, germ cell tumor; IHC, immunohistochemistry; F, female; CTx, chemotherapy; AFP, α-fetoprotein; SALL4, Sal-like protein 4; M, male; hCG, human chorionic gonadotropin.

DISCUSSION
GCTs are germinal neoplasms that arise in the gonads and
extragonadal sites. GCTs account for about 3% of neoplasms in
childhood and adolescence. The incidence is bimodal, and peaks
at around 2 years of age, with another peak after puberty [2]. Extragonadal GCTs commonly arise from midline structures, including the mediastinum and retroperitoneum [6].
Gastrointestinal GCTs, especially primary hepatic GCTs, are
very uncommon and constitute less than 1% of hepatic neoplasms.
Therefore, collective descriptions of the clinicopathological features and prognosis of these tumors are rare. The etiology, clinical
course, and prognosis of hepatic GCTs are not well-understood.
The possible mechanisms for the development of primary hepatic
GCTs are arrest and survival of germ cell precursors at ectopic sites
during embryological migration as well as proliferation of pluripotent cells [7].
When diagnosing primary hepatic GCTs, the main challenge
is the differential diagnosis of primary hepatic GCT from metastasis of other organs, especially from the ovaries or testis, because
hepatic GCTs are more likely to have metastasized [8]. Therefore,
it is important to exclude a metastasis from gonadal origin. The
patient in this report showed no notable medical history and no
other tumor sites were identified after extensive preoperative imaging studies. Applying either isochromosome 12p or 12p overrepresentation by fluorescence in situ hybridization (FISH) may
be helpful for diagnosing germ cell tumors [9,10], but it is difficult to conduct FISH testing in most hospitals. Therefore, the
primary hepatic mixed GCT in this case was diagnosed based on
the clinicopathologic features and the IHC staining results.
To the best of our knowledge, this is the first report of mixed
https://jpatholtm.org/

GCT composed of choriocarcinoma and yolk sac tumors that originated in the liver of an adult. To date, only 13 cases of primary
hepatic GCTs in adult case reports or case series have been reported in the literature, all of which are summarized in Table 1
[4,6,8,11-19]. Primary hepatic GCTs predominantly affect males
with a male to female ratio of 2:1. The average age for the occurrence in adults was 43 years (range, 27 to 65 years). Although
most patients received surgical resections and some received adjuvant chemotherapy, they had poor prognoses (mean survival,
3.64 ± 2.49 months).
In summary, primary hepatic GCTs should be considered during the differential diagnosis of a rapidly growing solid mass in
the liver because they require different treatment approaches,
compared with other primary hepatic malignancies, such as hepatocellular carcinomas and cholangiocarcinomas.
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CASE STUDY

Metastatic leiomyosarcoma of the thyroid gland:
cytologic findings and differential diagnosis
Jiyeon Lee, Yunjoo Cho, Kyue Hee Choi, Inwoo Hwang, Young Lyun Oh
Department of Pathology and Translational Genomics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Metastatic leiomyosarcoma to the thyroid is an extremely rare occurrence, and only 18 cases have been reported. Here, we report a
case of a 37-year-old woman who presented with multiple masses on the scalp. Excisional biopsy was done and the mass revealed
fascicles of smooth muscle fibers which showed positive staining for smooth muscle actin, thus confirming the diagnosis of leiomyosarcoma. The patient was also found to have a 0.9 cm mass within the left thyroid. Fine-needle aspiration was done and the cytological
smear showed hypercellular spindle cell clusters with hyperchromatic and large nuclei. Normal thyroid follicular cells were found within
or around tumor cells. In this report, we present the cytologic findings of metastatic leiomyosarcoma to the thyroid and offer differential
diagnoses of the aspirated spindle cells.
Key Words: Leiomyosarcoma, secondary; Cytology; Leiomyosarcoma; Thyroid neoplasms
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Soft tissue sarcoma metastatic to the thyroid is extremely
rare, and it poses a challenge for a pathologist to diagnose it on
cytology aspiration alone. Here, we report a case of metastatic
leiomyosarcoma to the thyroid and describe in detail its cytologic
findings.

CASE REPORT
A 37-year-old woman presented with multiple masses on the
scalp. She underwent an excisional biopsy of the scalp mass at a
local clinic and visited our hospital for further work up. Computed tomography of the neck revealed a poorly enhancing
mass lesion in the left lobe of the thyroid measuring about 1
cm with ipsilateral cervical lymph node metastasis (Fig. 1A). An
ultrasonographic examination of the thyroid revealed a 0.9 cm hypoechoic mass without increased vascularity (Fig. 1B). Ultrasound-guided fine-needle aspiration (FNA) was done to rule out
the possibility of primary thyroid cancer. Unlike a typical thyroid
malignancy, the aspirated material was sticky and difficult to aspirate.
The alcohol-fixed smears were stained with hematoxylin and

eosin and Papanicolau for the cytologic examination. The cytological smears were hypercellular and displayed spindle cell clusters in hemorrhagic background. No necrotic material was observed. The spindle cells were arranged in a fascicular pattern
and showed an indistinct cell border. The cells had eosinophilic
and fibrillary cytoplasm. Individual cells showed variation in
nuclear size and shape. However, the nuclei of most of the cells
were hyperchromatic and large, and they demonstrated an elongated shape with blunt ends (Fig. 2A, B). Normal follicular cells
were admixed with pleomorphic tumor cells, and were also observed around tumor cell clusters (Fig. 2C, D). These features raised
the suspicion for a malignant tumor of mesenchymal origin.
Histological slides from the resection specimen of the scalp
mass revealed a small nodular mass measuring 0.8 × 0.6 cm.
The tumor cells were arranged in bundles or fascicles of smooth
muscle fibers (Fig. 3A). They were highly pleomorphic and had
a centrally located, blunted, cigar-shaped nucleus adjacent to perinuclear cytoplasmic vacuoles. The mitotic rate was high (7 mitosis
per 10 high-power field), but there was no area of necrosis. Immunohistochemical staining showed a positive result for smooth
muscle actin (SMA) and desmin (Fig. 3).
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A

B

Fig. 1. Radiologic findings of metastatic leiomyosarcoma. (A) Computed tomography scan reveals 1 cm sized poorly enhancing space occupying lesion (arrow) in left thyroid. (B) Ultrasound shows marked hypoechoic nodule in the inferior pole of left thyroid.
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B
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D

Fig. 2. Cytologic features of metastatic leiomyosarcoma. (A) Hypercellular spindle cell clusters are arranged in a fascicular pattern. (B) The
cells show indistinct cell borders, eosinophilic cytoplasm, and hyperchromatic, large, elongated nuclei with blunt ends. (C, D) Normal follicular cells are admixed with pleomorphic tumor cells (C) or discovered around tumor cell clusters (D).

Positron emission tomography–computed tomography revealed
several hypermetabolic masses on the right side of the abdomen,
the largest of which measured 5.8 cm. One mass was located in
the mesentery, which had no association with the uterus. In addition, there were multiple hypermetabolic lesions in the left internal
mammary area, both thigh, and the lung. To exclude other
https://doi.org/10.4132/jptm.2021.06.23

spindle cell tumors which can arise in the abdominal cavity, immunostaining for S100, CD34, MDM2, c-Kit, and anaplastic
lymphoma kinase were performed. All of the additional immunohistochemical stainings turned out negative, and the possibility of schwannoma, solitary fibrous tumor, liposarcoma, gastrointestinal stromal tumor and inflammatory myofibroblastic
https://jpatholtm.org/
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Fig. 3. Histologic features of the scalp mass. (A) Excisional biopsy specimen from the scalp mass shows bundles or fascicles of smooth muscle fibers. The tumor cells are highly pleomorphic and have a centrally located, blunted, cigar-shaped nucleus adjacent to perinuclear cytoplasmic vacuoles. (B, C) Smooth muscle actin (B) and desmin (C) immunostaining shows positivity. (D) c-Kit immunostaining shows negativity.

tumor were ruled out, respectively. Considering all the clinical,
morphological and immunohistochemical features, we determined
that the final diagnosis of the tumor located in the thyroid gland
to be metastatic leiomyosarcoma from the mesentery. Because
of the presence of metastatic disease, the patient received doxorubicin-based chemotherapy instead of further surgical intervention. She is still alive 22 months after her first visit.

DISCUSSION
Metastasis of sarcoma to the thyroid is rare with a few cases
reported in the literature. To date, 18 cases have been reported
as metastatic leiomyosarcoma to the thyroid, most of which are
from uterine leiomyosarcoma (Table 1). Furthermore, it is very rare
to be diagnosed using FNA cytology [1-3].
FNA cytology of metastatic leiomyosarcoma tends to show
hypercellular spindle cell clusters with marked pleomorphism,
and there can be conspicuous mitoses. Therefore, the differential
diagnosis should include primary thyroid tumors showing spindle cell features; such as medullary carcinoma, anaplastic carcinoma and spindle epithelial tumor with thymus-like differentihttps://jpatholtm.org/

ation (SETTLE). Likewise, primary or metastatic mesenchymal
tumors like malignant peripheral nerve sheath tumor (MPNST)
or synovial sarcoma should be considered.
Medullary thyroid carcinoma is one of the first differential
diagnosis to consider when spindle cells are observed in thyroid
FNA. However, the characteristic cytology of medullary carcinoma
is dispersed single cells having “salt-and-pepper” nuclei. In most
cases, oval-to-plasmacytoid cells were observed together.
Cytomorphologically, SETTLE has a close resemblance to leiomyosarcoma. They can be shown as variably sized groups of spindle cells with uniform, elongated, and cigar-shaped nuclei similar
to those of leiomyosarcoma [4]. In addition, epithelial components of SETTLE can mimic benign follicular cells that appear
in metastatic leiomyosarcoma. However, diffuse immunoreactivity for cytokeratin in both components is the most obvious
difference from leiomyosarcoma.
Anaplastic carcinomas also have spindle-shaped cells. However,
anaplastic carcinomas rarely occur below the age of 50 and usually present as a rapidly growing mass infiltrating surrounding
soft tissues. Spindle cells in anaplastic carcinoma show a more
bizarre morphology compared to that shown in leiomyosarcoma
https://doi.org/10.4132/jptm.2021.06.23
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N/M Uterus

N/M Uterus

F

N/M

N/M

63

Nemenqani
et al.
(2010) [1]

F

54

86

F

54

Pelvic soft
tissue

Uterus

Uterus

F

N/M

Uterus

Pulmonary
artery
N/M Leg

60

D’Andrea et al.
(2003) [11]
Deng et al.
(2005) [12]
Giannikaki
et al.
(2006) [13]
Eloy et al.
(2007) [14]

F

5th
F
decade

Leath et al.
(2002) [10]

N/M Stomach

N/M

Left leg

Left thyroid/
3 cm
5 cm

Unilateral

N/M

N/M

Right thyroid
swelling

Right thyroid

-

-

-

-

-

-

Pathology
-

-

Hypercellular
spindle cell
proliferation
arranged in
sheets mixed with
stroma; marked
pleomorphism;
large
hyperchromatic
nuclei; numerous
mitoses

N/D

-

-

-

-

-

-

-

-

-

Vimentin
-

Spindle cells with
N/D
prominent nuclear
atypia and mitoses
Large cells with
Positive
hypercellularity,
nuclear atypia, and
pleomorphism with
atypical mitoses
Numerous mitoses
Positive
and bizarre nuclei

-

Anaplastic,
N/D
malignant spindle
cell tumor
N/D
Smooth muscle cells
with atypia and
mitotic figures
N/D
N/D

-

-

-

-

-

-

Cytology
-

Single ‘‘cold’’
Right thyroid/0.12 N/D
nodule in the
cm co-existing
right thyroid
with PTC
Rapidly
Left thyroid/
Consistent with
enlarging and
2.5 cm
a sarcomatous
painful left
lesion
neck mass

Postmenopausal Diffuse and
bleeding
numerous/
up to 2.9 cm
Dyspnea and
Both thyroid/
hemoptysis
up to 4.7 cm
N/M
N/M

Rapidly
progressive
enlargement
of the neck
N/M

N/M

Thyroid nodular N/M
swelling

N/M

F

69

Duodenum

N/M Retroperitoneal N/M

N/M
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Chief complaint
Location/size
Painless
N/M
swelling in
neck
Diffuse thyroid N/M
swelling

Sex
Origin
M
Great
saphenous
vein
F
Uterus

Age (yr)
46

Chen et al.
1999) [9]

Author
Gross and
Horton
(1975) [5]
Cruickshank
(1988)
(as cited in
Vankalakunti
et al. [6])
Gattuso et al.
(1989) [2]
BodeLesniewska
et al.
(1994) [7]
Michelow (1995)
(as cited in
Vankalakunt
et al. [6])
Nakhjavani
(1997)
(as cited in
Vankalakunti
et al. [6])
Wang et al.
(1998) [8]
-

-

-

-

-

-

-

SMA
-

-

-

-

-

-

-

-

CD34
-

Positive

-

-

N/D

-

-

Negative Positive

Negative

-

-

N/D

-

-

-

-

-

-

-

Negative Negative

N/D

-

-

N/D

-

-

-

-

-

-

-

-

-

(Continued to the next page)

Negative

Negative

N/D

N/D

-

-

-

-

-

-

-

S100 Cytokeratin Thyroglobulin
-

Negative Negative Negative

Negative Negative N/D

Positive

-

-

Strong
Focal
N/D
positive positive

-

-

-

-

-

-

-

Desmin
-

Table 1. Clinicopathlogical and immunohistochemical data on 18 reported cases of metastatic leiomyosarcoma of the thyroid gland
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Negative
Negative
N/D
Positive
Positive

N/D

N/D
N/D
N/D
N/D
N/D
N/D

https://jpatholtm.org/

SMA, smooth muscle actin; M, male; F, female; N/M, not mentioned; N/D, not done.

Neck discomfort Left upper lobe/
2.4 cm
F
Irizarry47
Villafane et al.
(2020) [18]

Vagina
F
65

Uterus

N/D
F
47

Gauthe et al.
(2017) [16]
Golovko et al.
(2020) [17]

Uterus

Fast growing
N/M
thyroid nodule
Multinodular
Right thyroid
toxic goiter

N/D
Suggestive of the Consistent with
metastatic vaginal
benign thyroid
leiomyosarcoma
lesion
N/D
Marked cellularity Spindle cell tumor
of atypical spindle with frequent mitotic
cells, dyscohesive, figures
and in tissue
aggregates with
some binucleated
cells

N/D
N/D
N/D
N/D
N/D
N/D

N/D
Negative Negative N/D

CD34
SMA

Focal
Positive
positive

Desmin
Vimentin
Pathology
Location/size
Chief complaint

Cough
Lung

Origin
Sex

Young et al.
(2011) [15]

F

Age (yr)

55

Author

Table 1. Continued

N/M

N/D

Cytology

Positive
Fascicular pattern
of spindle-shaped
cells with increased
cellularity and
hyperchromatic,
bizarre, malformed,
and megakaryocytic
nuclei
N/D
N/D

S100 Cytokeratin Thyroglobulin
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[19]. Osteoclast-like giant cells, necrosis, and mitotic figures
are a common feature, and in more than half of the case, anaplastic
carcinomas are positive for cytokeratin. PAX8 is positive in about
80% of anaplastic carcinomas.
MPNST can present as highly cellular clusters of spindle cells
showing wavy, elongated nuclei with tapered ends [20]. The
cytologic features of synovial sarcoma include hypercellular and
uniform oval-to-spindle cells without nuclear pleomorphism or
necrosis. Despite its biphasic nature, the epithelial component is
rarely observed in the FNA specimen.
Although there are differences between the differential diagnoses as described above, it is nearly impossible to conclusively
diagnose leiomyosarcoma in FNA slides with only histologic
observation of the cells in cytologic smears. Immunohistochemistry is crucial for a precise diagnosis. Leiomyosarcoma is positive
for vimentin, SMA, muscle-specific actin, desmin and h-caldesmon and negative for cytokeratin, thyroglobulin, calcitonin,
and S-100 protein. In our case, we diagnosed leiomyosarcoma
by confirming that the resected scalp mass was positive for SMA
and desmin and negative for S-100 protein, CD34, MDM2, c-Kit,
and anaplastic lymphoma kinase. It is difficult to make a distinction between primary and metastatic leiomyosarcoma cytologically. Metastases to the thyroid gland occur more frequently than
is generally appreciated and can be easily misdiagnosed as a primary thyroid tumor. Given the rarity of thyroid primary sarcoma,
pathologists should be alert to the possibility of metastatic tumor,
especially when benign follicular cells are identified within or
around malignant cells.
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Abstract
The 5th edition of the World Health Organization (WHO) Classification of Female Genital
Tumors was published in 2020. Although the
classification of ovarian and fallopian tube
neoplasms is largely unchanged from the prior
(4th) edition, this newsletter compiles the most
important refinements in these organ sites,
including serous and non-serous epithelial
tumors, and sex cord-stromal tumors.

SEROUS NEOPLASMS
• The 4th edition divided serous carcinoma into
low grade (LGSC) and high grade (HGSC) variants.
• LGSC and HGSC are best considered two
fundamentally different tumors based on their
distinct biology, rather than variants of the
same neoplasm.
• Nearly all LGSCs arise in a background of
ovarian benign or borderline serous tumors.
• Most HGSCs are believed to arise from a
precursor lesion, STIC (serous tubal intraepithelial carcinoma), in the tubal fimbriae.
• New criteria for primary site assignment in
366
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HGSC include:
- Fallopian tube: STIC present, or mucosal
HGSC present, or part or all of the fallopian
tube is inseparable from tubo-ovarian mass.
- Ovary: both fallopian tubes are separate from
ovarian mass, and no STIC or mucosal HGSC
present in either fallopian tube.
- Tubo-ovarian: fallopian tubes and ovaries are
unavailable for complete examination, and
pathologic findings are consistent with
extrauterine HGSC.
- Peritoneal (exceedingly rare): both fallopian
tubes and ovaries are fully examined using a
SEE-FIM (Sectioning and Extensively
Examining the FIMbriated end) protocol,
and no gross or microscopic evidence of STIC
or HGSC present in either fallopian tube or
ovary.
- These criteria classify approximately 80% of
HGSCs as primary tubal.
• Serous borderline tumor is the sole recommended term:
- Obsolete terminology no longer recommended includes atypical proliferative serous
tumor, serous tumor of low malignant
potential, semimalignant serous tumor and
non-invasive LGSC / micropapillary serous
borderline tumor (the latter no longer considered definitionally synonymous with noninvasive LGSC).

NON-SEROUS EPITHELIAL
TUMORS
• The following terminology is no longer
recommended:
-A
 typical proliferative tumor or tumor of low
malignant potential for all epithelial tumors
(mucinous, endometrioid, seromucinous,
clear cell, Brenner).

SEROMUCINOUS CARCINOMA
• Previously defined as a carcinoma composed
predominantly of serous and endocervical-type
mucinous epithelium, often with foci showing
clear cells, endometrioid or squamous differentiation.
• Now considered a subtype of endometrioid
adenocarcinoma with mucinous differentiation
(Fig. 1).

Fig. 1. Endometrioid adenocarcinoma with mucinous
differentiation.

NEW VARIANTS OF EPITHELIAL
TUMORS
• Mesonephric-like adenocarcinoma:
- Composed of multiple architectural patterns
(tubular, glandular/pseudoendometrioid,
ductal, papillary, solid), intraluminal eosinophilic colloid-like material, dense or vesicular
chromatin, inconspicuous nucleoli and
nuclear crowding, and lacking squamous or
mucinous differentiation.
- Positive for GATA3, TTF1, CD10 (luminal)
and PAX8, and negative for hormone
receptors and WT1, with wild-type p53
expression.
- Usually unilateral and diagnosed at stage I in
postmenopausal women.
https://doi.org/10.4132/jptm.2021.07.28

- May arise from paraovarian mesonephric
remnants or Müllerian carcinomas displaying
secondary mesonephric transdifferentiation.
- May be associated with endometriosis,
cystadenomas, adenofibromas, borderline
tumors and LGSC.
- The most common molecular alterations
include KRAS mutations, 1p loss and 1q
gain, while NRAS or PIK3CA mutations are
rare.
- Tumors with coexisting serous neoplasms
show shared molecular alterations (KRAS or
NRAS mutations).
- Clinical outcome is unknown due to rarity.
• Dedifferentiated carcinoma:
- A biphasic tumor composed of an undifferentiated carcinoma (sheet-like growth of
monotonous, discohesive, round, rhabdoid to
spindle cells with brisk mitoses, often
necrosis and abundant tumor-infiltrating
lymphocytes) and a differentiated (usually
low grade endometrioid adenocarcinoma,
rarely serous carcinoma) component, often
with abrupt interface in between (Fig. 2).
- Undifferentiated areas are focally positive for
EMA, pan-keratin and CK18, focally positive
to negative for PAX8, and negative for
hormone receptors and E-cadherin, with
common loss of SMARCA4 (BRG1), SMARCA2 (BRM), SMARCB1 (INI1) or ARID1A,
DNA mismatch repair deficiency in onethird of cases and typically wild-type p53
expression.
- Usually diagnosed at advanced stages, with
pelvic and para-aortic lymph node involvement and poor prognosis.

Fig. 2. Dedifferentiated carcinoma composed of
undifferentiated carcinoma and low-grade endometrioid adenocarcinoma.

• Carcinosarcoma:
- A biphasic neoplasm composed of high grade
carcinomatous and sarcomatous elements.
- Now considered a variant of carcinoma rather
than a true mixed epithelial-mesenchymal
tumor.
• Mixed carcinoma:
- True mixed carcinomas are uncommon.
- Should only be diagnosed when at least two
tumor types are clearly recognizable on hematoxylin-eosin-stained sections, with distinct
morphologic and preferably immunophenohttps://doi.org/10.4132/jptm.2021.07.28

typic differences.
-E
 ach histotype with their percentages should
be reported (no minimum percentage
requirement).
-E
 ndometriosis-associated histotypes are most
common, e.g. endometrioid and clear cell
carcinomas (Fig. 3).

Fig. 3. Mixed carcinoma composed of clear cell
carcinoma and endometrioid adenocarcinoma.

ANCILLARY TESTING
• Aberrant p53 expression refers to three immunostaining patterns associated with TP53
mutation:
-O
 verexpression (strong nuclear expression in
>80% of tumor cells).
-C
 omplete absence of nuclear staining (with
satisfactory controls).
-U
 nequivocal cytoplasmic expression.

SEX CORD-STROMAL TUMORS
• Most (>90%) adult-type granulosa cell tumors
(GCTs) exhibit somatic FOXL2 mutations.
• Sertoli-Leydig cell tumors (SLCTs) may harbor
DICER1 or FOXL2 mutations and are now
classified into three molecular subtypes:
- DICER1-mutant tumors show somatic
(~50%) or germline (69%) hotspot mutations in the RNase IIIb domain of DICER1,
an endoribonuclease involved in microRNA
processing and gene expression regulation.
•O
 ccur in younger patients and induce
androgenic symptoms.
•M
 oderately or poorly differentiated with
retiform or heterologous elements (the latter
two predict DICER1 mutations) (Fig. 4).

- FOXL2-mutant tumors show c.402C>G
(p.Cys134Trp) mutations that upregulate
367
CYP19A1 encoding aromatase.
• Occur in postmenopausal patients and
induce estrogenic symptoms.
• Moderately or poorly differentiated lacking
retiform or heterologous elements.
• Reported in 0-22% of cases.
• FOXL2 and DICER1 mutations are
mutually exclusive.
- DICER1-FOXL2 wild-type tumors:
• Occur in patients with intermediate age.
• Well-differentiated lacking retiform or
heterologous elements.
• Microcystic stromal tumors exhibit CTNNB1
or, less frequently, APC mutations and may
represent an extracolonic manifestation of
familial adenomatous polyposis.
• Small cell carcinomas of hypercalcemic type
exhibit deleterious germline or somatic
mutations in SMARCA4, part of the SWI/SNF
complex, resulting in loss of SMARCA4
protein expression.
• Gynandroblastoma has been reintroduced (Fig. 5).
- Defined as a sex cord-stromal tumor with an
admixure of female (adult-type or juvenile
GCT) and male (Sertoli cell tumor or SLCT)
elements.
- Most commonly composed of a predominant
SLCT component and a smaller component
of juvenile GCT, both expressing sex cordstromal markers, sometimes with shared
DICER1 mutations.

Fig. 5. Gynandroblastoma composed of SertoliLeydig cell tumor and adult-type granulosa cell tumor.
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