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Cytology is an important and well-established diagnostic mo-
dality in the screening of uterine cervical cancers. With the im-
plication of the Bethesda System, the cytologic diagnosis of the 
uterine cervix has been standardized and steadily upgraded world-
wide; however, it still poses several difficulties in interpretation 
due to the fact that the uterine cervix is affected by various indig-
enous factors, namely hormone, age, and infection. The major 
difficulties in the interpretation of cervical cytology lie in high 
grade intraepithelial squamous lesion (HSIL) mimics and glan-
dular lesion masquerades. This review is mainly focused on de-
tailed differential points in discriminating these troublesome 
entities. 

HIGH GRADE INTRAEPITHELIAL SQUAMOUS 
LESION MIMICS

Cytologic features that are diagnostic of HSIL can be described 
in two aspects; cytologic features of discrete, singly scattered indi-
vidual cells and those of tissue fragments. Cells diagnostic of HSIL 
are usually small and round, but with high nuclear:cytoplasmic 
(N:C) ratio. The nuclear features include rounded but sharp nu-

clear membrane, coarsely granular chromatin, and longitudinal 
nuclear groove with lack of nucleoli. The cytoplasm is scant in 
amount or almost indiscernible. Syncytial tissue fragments are a 
common architectural presentation of HSIL, and the above di-
agnostic nuclear details can be found within these syncytial tis-
sue fragments by changing the plane of focus. However, not all 
HSIL cases consistently show these cytologic features clearcut and 
not all the diagnostic features are exclusively seen in HSIL. Dis-
crete, singly scattered cells that mimic HSIL can be found in imma-
ture squamous metaplasia, intrauterine device associated changes, 
atrophic cervicitis, and endometrial stromal cells. Tissue fragments 
that mimic HSIL can be found in squamous metaplasia, tubal 
metaplasia, endocervical adenocarcinoma in situ (AIS), endome-
trial adenocarcinoma, and atrophic cervicitis. Acs et al. [1] have 
reported that when 130 cases with cervical cytologic diagnosis 
of HSIL or atypical squamous cells of uncertain significance - can-
not exclude HSIL (ASC-H) that had corresponding biopsy were 
reviewed, 13 cases were histologically diagnosed as low grade 
squamous intraepithelial lesion (LSIL) or reactive. Re-examina-
tion of the cervical cytology slides of these 13 cases revealed repair 
changes, atypical squamous metaplasia, atrophy, tubal metaplasia, 
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lower uterine sampling, and histiocytes and lymphocytes [1]. 
Therefore, many conditions work as confounding factors in di-
agnosing HSIL, and these so-called HSIL mimics, namely atro-
phic cervicitis, immature or atypical squamous metaplasia, and 
transitional metaplasia are described more in detail.

Atrophic cervicitis (atrophy)

Abnormal results are reported more frequently in postmeno-
pausal women than in pre-menopausal women, and Kaminski 
et al. [2] attributed this to the strong correlation between estro-
gen deficiency and squamous atypia, and concluded that estro-
gen therapy can revert this squamous atypia to normal cytology. 
Since atrophic cervicovaginal smears can exhibit various atypical 
patterns, they can easily mislead to overdiagnosis of squamous 
atypia or even carcinoma. On the contrary, due to the reduced 
number of exfoliated cells after menopause, a high false negative 
rate on cytologic screening is also problematic in postmenopausal 
women. Additional confounding factors are frequent drying ar-
tifacts and inflammation, resulting in low cellularity, nuclear hy-
perchromasia and poor nuclear preservation [3]. Therefore, it is 
very critical that cervicovaginal smears in postmenopausal wom-
en be examined with extra care to avoid both overdiagnosis and 
underestimation. 

Cervical smears of atrophic cervicitis show tissue fragments 
composed of uniform cell population with a streaming pattern 
in the background of cellular and inflammatory debris. These 
tissue fragments are not true syncytial tissue fragments and 
they often show folding of the edges. The uniform cell popula-
tion comprising the tissue fragments are mostly parabasal cells 
with nuclear enlargement or miniature squamous cells with or-
angeophilic cytoplasm and pyknotic nuclei. The nuclear details 
of the atrophic parabasal cells comprising tissue fragments can 
be highlighted by changing the plane of focus. The entire cell 
population in the tissue fragments is uniform and very similar to 
the squamous cells present in the background. The tissue frag-
ments show more crowding of smaller nuclei that are densely 
stained and have scant cytoplasm with high N:C ratios, often 
misleading to the diagnosis of HSIL. Moreover, atrophic frag-
ments are not truly syncytial as in HSIL fragments. One of the 
other helpful diagnostic features would be the similarity be-
tween the background cells, which lack the nuclear characteris-
tics of HSIL cells. The singly scattered cells around these tissue 
fragments are often pleomorphic in shape, but when carefully 
examined, the nuclei are either smudged or too hyperchromatic 
(Fig. 1). In a study by Chivukula and Shidham [4], they subcat-
egorized reactive cytomorphologic patterns into microglandular 

hyperplasia-like, repair-like and atrophy-like patterns, and they 
described atrophy-like pattern as either single cells or hyperchro-
matic crowded groups of parabasal cells. In the single cell pattern, 
the individual cells had abundant blue cytoplasm and open chro-
matin with or without nucleoli. In the parabasal pattern, the cells 
showed small dark nuclei and variable cytoplasm, usually with 
a low N:C ratio. In constrast, they described HSIL-like pattern 
as single cells with nuclear hyperchromasia and coarse chromatin. 
In a study by Mokhtar et al. [5], the authors described a coarse 
chromatin pattern as a distinct predictive feature of HSIL in fol-
low-up biopsies. An increase in nuclear size of at least twice that 
of an intermediate cell nucleus with significant hyperchromasia, 
irregular nuclear contours or chromatin distribution and marked 
cellular pleomorphism are features that can qualify for atypical 
squamous cells of uncertain significance in postmenopausal 
women. Additional feature is a variation in nuclear size [6]. In a 
study by Acs et al. [1], unequivocal cytologic features of those 
diagnosed in cytology as atypical squamous cells and later his-
tologically confirmed as squamous intraepithelial lesion (SIL) 
were atypical parakeratotic/dyskeratotic cells showing irregular 
and hyperchromatic nuclei, orangeophilic cytoplasm with aniso-
cytosis, and increased N:C ratio. Pseudokoilocytosis character-
ized by perinuclear halo with slightly increased size of nuclei 
can also be seen in atrophic smear and mislead to an overdiagno-
sis of LSIL, however, the nuclear enlargement is mild (1.5–2.5 
intermediate cell nuclei), nuclear contours are mostly smooth, 
and chromatin pattern is evenly distributed and smooth [7]. Nu-
clear hyperchromasia and irregular nuclear contours are the most 
reliable cytomorphological criteria [8,9]. The nuclear membrane 
in HSIL is thickened twice that of non-HSIL cells in the back-
ground, and it appears as if the nuclear membrane has been drawn 
over. It should be noted that degenerated and dried small para-
basal cells often appear orangeophilic in postmenopausal smears 
and it may be difficult to distinguish them from atypical para-
keratosis or dyskeratotic cells of HSIL [10]. Nuovo et al. [11], has 
reported that parakeratosis was the only feature noted at a higher 
rate in the human papillomavirus–positive cases from postmeno-
pausal women. 

Another pseudo-alarming cytologic feature in atrophic smear 
is the blue blobs, which are round to oval, smudged, and densely 
cyanophilic bodies with ill-defined borders, mostly seen in post-
menopausal smears (Fig. 2) [12]. They have been once thought 
to be inspissated mucus, but Abdulla et al. [13] have demon-
strated positive immunoreactivity to cytokeratin and epithelial 
membrane antigen and cellular skeletons with residual tonofila-
ments on transmission electron microscopy, concluding that they 
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are degenerated parabasal cells. Blue blobs appear in atrophic 
smear in postmenopausal women due to the lack of mucus and 
stagnation of exfoliated cells, which are then further degenerated. 

Disintegration of chromatin results in the characteristic dense 
cyanophilic appearance of blue blobs and they eventually become 
granular background material. Blue blobs should be differenti-

A

C

B

D

Fig. 1. Atrophic cervicitis in liquid based preparation. (A) A tissue fragment in atrophic cervicitis, showing small nuclei with scant cytoplasm 
and high nuclear:cytoplasmic ratio. The tissue fragment is not syncytial, with folding of the edge. (B) Inflammatory debris in the background 
is evident in liquid based preparation. (C) Atrophic parabasal cells showing apoptotic and inflammatory debris within the cell group. (D) The 
nuclei in atrophic cervicitis are often pyknotic. 

A B

Fig. 2. Atrophic cervicitis in conventional smear. (A) Atrophic cervicitis showing a tissue fragment composed of uniform cell population with a 
streaming pattern in the background of cellular and inflammatory debris. (B) A blue blob showing small round to oval, smudged, and densely 
cyanophilic body with an ill-defined border.
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ated rightly because they can be mistaken for naked dyskeratotic 
or malignant cell nuclei. Lack of chromatin and lack of back-
ground inflammatory reaction or diathesis should help identify 
blue blobs from true dyskeratotic cells. The differential diag-
nostic points of atrophy from HSIL are summarized in Table 1. 

Immature squamous metaplasia

Immature metaplastic cells with slight nuclear enlargement 
are often difficult to differentiate from SIL. A common cytolog-
ic presentation of HSIL is syncytial tissue fragments as in im-
mature squamous metaplasia. However, tissue fragments in im-
mature squamous metaplasia is basically monolayered, composed 
of metaplastic cells characterized by well-defined cell borders, 
appreciable cytoplasm, uniform nuclei with minimal nuclear en-
largement. The cells show low N:C ratio with evenly dispersed 
chromatin. The singly scattered metaplastic cells also show dis-
tinct cytoplasmic border, smooth nuclear membrane and evenly 
distributed finely granular chromatin pattern. The nucleoli are 
often present, which is one of the important differential points 
from SIL. Cytoplasmic processes can also be present. Immature 
squamous metaplasia is associated with a fine chromatin pattern 
and dense cytoplasmic differentiation [14]. A fine chromatin pat-

tern along with dense cytoplasmic differentiation is a significant 
diagnostic feature of immature squamous metaplasia, and the 
presence of prominent nucleoli is highly predictive of reactive cell 
change (Fig. 3) [5], and nuclear crowding, overlapping and pleo-
morphism are not distinctive. The differential diagnostic points 
between HSIL and immature squamous metaplasia are summa-
rized in Table 2. 

Transitional metaplasia

Transitional metaplasia can be mistaken as HSIL because 
they appear as hyperchromatic crowded groups comprised of 
small hyperchromatic cells with increased N:C ratio. Differen-
tial points include no distinct cytoplasmic border, longitudinal 
nuclear grooves, and relatively bland chromatin pattern. HSIL 
cells can show longitudinal nuclear grooves, which can be one of 
the differential points distinguishing HSIL from glandular ab-
normality. Therefore, when differentiating tubal metaplasia from 
HSIL, longitudinal nuclear grooves should be taken into account 
with other nuclear features, such as presence of nucleoli, but with 
bland and even chromatin pattern, nearly inconspicuous nuclear 
membrane, and the presence of relatively ample cytoplasm. 
Characteristically, the cell groups show a monolayered streaming 
pattern of ovoid to spindle shaped nuclei [15]. Whirling and 
streaming pattern of the cells within the cellular cluster can be 
an additionally helpful point. 

GLANDULAR LESION MASQUERADES

Tubal metaplasia

Tubal metaplasia indicates endocervical glandular epithelium 
replaced by cells resembling the lining epithelial cells of the fal-

Table 1. Differential diagnostic points between atrophy and HSIL

Cytologic features Atrophy HSIL

Cell border Poorly defined Distinct
Nuclear:cytoplasmic ratio Low High
Nucleoli Often present Absent
Cell population Uniform Heterogeneous
Polarity Streaming Haphazard loss of polarity
Background Same cells Singly scattered HSIL cells

HSIL, high grade intraepithelial squamous lesion.

A B

Fig. 3. Cytologic (A) and histologic (B) pictures of immature squamous metaplasia showing fine chromatin pattern with dense cytoplasmic 
differentiation. The nuclear:cytoplasmic ratio is increased, but short of that in high grade intraepithelial squamous lesion, and the nuclear 
membrane is not irregular or thickened. 
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lopian tubes. It is a common diagnostic pitfall, especially in dif-
ferential diagnosis of endocervical AIS, because the cells are 
alarming at first glance. Usually, they appear as flat monolayered 
sheets, pseudostratified strips, or cohesive clusters of cuboidal or 
columnar cells with basally oriented nuclei and cilia in the other 
end of the cytoplasm when the cells are arranged parallel to each 
other (Fig. 4) [16]. However, they can appear hyperchromatic 
with loss of polarity, and increased N:C ratio, especially when 
the cells are arranged en face on the slide and cilia cannot be as-
certained. The nuclei show finely granular chromatin and nucle-
oli are usually not seen. Therefore, in order to overcome this di-
agnostic pitfall and avoid overdiagnosis, an extra care should be 
taken to locate other cellular clusters that reveal slender colum-
nar cells with tapering in one end and cilia in the other end. In 
addition, cellular sheets of tubal metaplasia reveal rare or no mi-
totic figures, no apoptotic bodies, and clean background [16,17]. 

HSIL with glandular involvement

Benign mimics of glandular lesion are two dimensional with 

honeycomb pattern, showing cytoplasmic streaming, nuclear po-
larity, and cytoplasmic vacuoles. Architectural features that help 
to distinguish benign mimics from neoplastic glandular lesions 
are sheets with pseudostratification, maintenance of polarity, 
prominent nucleoli, and less hyperchromasia.

Pre-neoplastic or neoplastic glandular cells show poorly ori-
ented architecture, irregular nuclear membranes, decreased cyto-
plasm, loss of honeycomb pattern, nuclear crowding and overlap, 
loss of nuclear polarity, atypical single cells, and coarsely granu-
lar chromatin. Tight clusters of stretched cells with a high N:C 
ratio, hyperchromatic nuclei with fine nuclear chromatin and a 
thin rim of finely vacuolated cytoplasm upon changing plane of 
focus point towards a glandular origin. Moreover, nuclear enlarge-
ment with scant cytoplasm resulting in high N:C ratio, nuclear 
size variation, cellular crowding and stratification, nuclear hy-
perchromasia with coarse chromatin pattern and small or absent 
nucleoli in clean background are diagnostic features of endocer-
vical AIS [18]. Apoptosis and mitoses can also be frequently seen 
in AIS, but the most helpful diagnostic clue would be ‘feather-
ing’ at the periphery of the abnormal cell clusters.

Glandular lesion of the uterine cervix accounts for 0.1%–0.8% 
of the cervical smears, and 17%–80% of the cytologic diagnoses 
have significant follow-up results, 40%–50% of which coexist 
with squamous lesion. Clinically, the diagnosis of atypical glan-
dular cells (AGC) warrants direct colposcopic biopsy with en-
docervical sampling and additional endometrial sampling for 
women older than 45 years. It is reported that the most com-
mon histologic diagnosis following cytologic diagnosis of AGC 
is SIL. Upon histologic correlation of AGC, about 15% have 
been reported to be associated with SIL, 1% with AIS, and 0.5% 
with adenocarcinoma [19]. This is attributed to the fact that it is 
most difficult to differentiate glandular abnormality from SIL 
with glandular involvement [20]. 

A B

Fig. 4. Cytologic (A) and histologic (B) pictures of tubal metaplasia, showing cuboidal or columnar cells with basally oriented nuclei and cilia 
at the other end of the cytoplasm. 

Table 2. Differential diagnostic points between HSIL and immature 
squamous metaplasia

Cytologic features
Immature squamous 

metaplasia
HSIL

Nuclear features
   Chromatin pattern Evenly distributed 

finely granular
Clumped coarsely  

granular
   Nuclear membrane Smooth Sharp, undulating,  

grooving
   Nucleoli Often present Absent
Cytoplasmic features
   Cytoplasmic processes Present Absent
   Amount Appreciable Scanty, often indiscernible
   N:C ratio Low High

HSIL, high grade intraepithelial squamous lesion; N:C, nuclear:cytoplasmic.
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The most frequent and helpful cytological features of HSIL 
with glandular extension that are indicative of squamous origin 
are as follows: Syncytial clusters, sheets with loss of central po-
larity, oval nuclei, inconspicuous nucleoli, peripheral nuclear 
flattening, and nuclear grooves. The chromocenters in HSIL nu-
clei can often be misinterpreted as nucleoli, which may mislead 
to AGC [19]. The longitudinal axis of the peripheral nuclei are 
parallel to the long axis of the cellular cluster with one sided flat-
tening (Fig. 5). Occasionally, the cellular clusters show whirling 
of the cells in the center so that the cells may appear to be piling 
up (Table 3) [17]. Also, singly scattered dysplastic squamous 
cells should be searched for in the background when HSIL 
should be differentiated from glandular lesion. 

The most frequent reasons for misclassification of SIL as AGC 
would be few dysplastic squamous cells masked by abundant 
benign or AGC and sheets of dysplastic squamous cells periph-
erally lined by glandular cells, which should rightly be inter-
preted as glandular involvement of squamous lesion rather than 
AGC per se. 

CONCLUSION

Interpretation of uterine cervical cytology can pose diagnostic 
difficulties because the transformation zone of the uterine cervix 
is vulnerable to many indigenous and exogenous factors. When 
evaluating cervical smears, it is important to spot tissue frag-
ments and singly scattered cells, and careful examination of both 
components is essential. In evaluation of tissue fragments, polar-
ity of the composing cells should be noted first, followed by the 
examination of homogeneity of the cells in size and shape. Fi-
nally, comparing whether the cells comprising the tissue frag-
ments and the cells scattered in the background are the same 
cells should follow. Upon completion of examining the tissue 
fragments, single cells scattered in the background of the tissue 
fragments should be evaluated, including the cytoplasmic bor-
der, the amount of cytoplasm, N:C ratio, nuclear shape, nuclear 
membrane, and chromatin pattern. All these aspects should be 
considered comprehensively to reach the cytologic diagnosis, 
avoiding potential pitfalls. Additionally, it should always be 

A

C

B

D

Fig. 5. The most frequent and helpful cytological features of high grade intraepithelial squamous lesion (HSIL) with glandular extension that 
are indicative of squamous origin. (A, B) The long axis of the peripheral nuclei are parallel to the longitudinal axis of the cellular cluster, ar-
ranged circumferentially rather than radially, with one sided flattening. (C) The nuclei often show horizontal polarity around gland opening. (D) 
Nuclear grooves in HSIL cells. The differential points from transitional metaplasia are nuclear irregularity, slightly thickened nuclear membrane, 
loss of polarity (absence of a streaming pattern), and increased nuclear:cytoplasmic ratio. 
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kept in mind that when distinct nucleoli are seen, then the cyto-
logic diagnosis of SIL is less likely. Rather, cells showing distinct 
nucleoli are either reactive, including various types of metapla-
sia, or overtly malignant cancer, either squamous or glandular in 
origin. Hyperchromatic crowded groups of cells showing nucle-
oli can be alarming at first, but careful evaluation of the architec-
ture, nuclear membrane, and chromatin pattern can help avoid 
overdiagnosis. In summation, the most important key facilitat-
ing more accurate interpretation in spite of various diagnostic 
pitfalls would be sticking to the very basics of cytologic criteria 
of epithelial abnormality. Nuclear details such as chromatin pat-
tern (fine or coarse), presence or absence of a prominent nucleo-
lus, N:C ratio, and cytoplasmic differentiation (pale or dense) are 
important diagnostic features that may help distinguish those 
that are more likely in need of further management.
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Colorectal cancer (CRC) is a potentially preventable disease 
due to its slow development, unlike other solid tumor malig-
nancies [1]. However, it remains a major cause of cancer-related 
deaths worldwide since approximately 90% of CRC patients are 
diagnosed only after presentation of signs and symptoms and are 
already in the more advanced stage of the disease [2]. GLOBO-
CAN reported over 1.9 million new CRC cases and 935,173 
deaths in 2020 [3]. 

A screening program for CRC is probably the best way to 
mitigate the disease. It is estimated that over 95% of CRC cases 
would benefit from curative surgery if diagnosis is made at an 
early or premalignant polyp stage [4]. CRC screening programs 
worldwide are targeted at adults from 50–55 years of age, a 

population at increased risk of adenomas and cancer. Screening 
is based on several methods with varied advantages and draw-
backs and different economic impact. Existing screening modal-
ities to diagnose CRC are most often impractical due to invasive-
ness and cost (e.g., colonoscopy) or insufficient diagnostic accuracy 
(e.g., fecal-based occult blood tests) [5,6]. 

The discovery of notable numbers of non-coding microRNAs 
(miRNA/miR) that are stable in tissues and body fluids such as 
plasma, serum, stool, and exosomes could lead to development of 
a novel approach to CRC detection using circulating miRNAs as 
early diagnostic biomarkers for CRC. MiRNAs are small non-
coding RNAs involved in gene regulation and cancer develop-
ment. These miRNAs modify cell proliferation, apoptosis, and 
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metastasis through their interaction with intracellular signaling 
networks [7]. Numerous studies [8,9] have discovered aber-
rantly expressed miRNAs in several human malignancies. Wik-
berg et al. [10] observed that plasma miRNA levels significantly 
increased approximately three years prior to presentation of 
symptoms and CRC diagnosis. This finding supports the poten-
tial of circulating miRNA to improve existing CRC risk pre-
diction and screening strategies.

Up- and downregulation of miRNA expression are seen in 
CRC. Several miRNAs exhibit tissue-specific or development-
stage-specific expression patterns and play potential roles in main-
taining tissue identity and function. Similarly, miRNAs play a vital 
role in malignancy as tumor suppressors and oncogenes. Thus, 
discovery of novel miRNAs and validation of specific signature 
miRNAs in a specific population can potentially change the land-
scape of CRC diagnostics.

Numerous miRNAs have been identified as candidate bio-
markers of CRC in several independent studies through sequenc-
ing and polymerase chain reaction (PCR) techniques [11-22]. 
Among the miRNAs, miR-21-5p, miR-29a-3p, miR-92a-3p, 
miR-135b-5p, miR-196b-5p, and miR-197-3p were validated 
in other populations; hence, these were tested in a group of Fili-
pino CRC patients and clinically healthy controls.

MATERIALS AND METHODS

Study participants and samples

Formalin fixed paraffin embedded (FFPE) tissue samples sur-
gically removed from patients with histologically confirmed 
CRC and seen at the Mariano Marcos Memorial Hospital and 
Medical Center (MMMH-MC) in Ilocos Norte, Philippines from 
March 2018 to December 2018 were included in this study. Each 
FFPE tissue block positive for malignant cells was matched with 
neoplasm-free mucosal tissue removed from the same patient and 
designated as case and control, respectively. Successive 5-µm-
thick tissue samples were sectioned using a microtome (Leica 
Biosystems, Wetzlar, Germany), with the outer sections mounted 
on glass slides and then stained with hematoxylin and eosin 
(H&E). The inner sections (approximately 5 mg) were aseptically 
collected in nuclease-free microcentrifuge tube. The H&E-stained 
slides were evaluated by a pathologist to ensure that the tissue 
samples designated as cases and controls were strictly positive and 
negative for cancer cells, respectively. 

Blood samples were also collected from the same CRC patients 
prior to their surgery or any form of treatment (cases). These 
were matched with blood samples from clinically healthy volun-

teers (controls) of the same age (± 2 years) and sex as the CRC pa-
tients. Controls were strictly not suspected of any type of malig-
nancy at the time of physical or clinical assessment by a physician, 
had not undergone any colorectal resection except for sigmoid 
diverticular disease and had not been diagnosed with inflammatory 
bowel disease (IBD), chronic ulcerative colitis, or Crohn’s disease. 
All blood samples were collected in K2EDTA tubes (Becton 
Dickinson, Franklin Lakes, NJ, USA) and centrifuged immedi-
ately at 2,000 × g for 10 minutes. at 4°C. Hemolyzed blood sam-
ples and turbid plasma were excluded from the study. Plasma 
was separated and aliquoted into nuclease-free cryovials and 
then stored in a freezer at –80°C until analysis.

RNA isolation from FFPE tissues and plasma samples

Total RNA including miRNAs were isolated from FFPE tis-
sues utilizing miRNeasy FFPE kit according to manufacturer’s 
instructions (miRNeasy FFPE Handbook June 2015, http://
www.qiagen.com). FFPE tissue sections were deparaffinized and 
then digested by proteinase K, followed by heat treatment. Af-
ter centrifugation, the supernatant was collected and treated 
with DNAse. After mixing with ethanol and buffer, the lysate 
was transferred into a RNeasy MinElute spin column where total 
RNA are bound. After washing twice, the RNA was eluted. 

Plasma miRNA was isolated using the miRNeasy serum/
plasma kit total RNA (Qiagen, Hilden, Germany) according to 
manufacturer’s instructions. QIAzol was added to 100 µL of plas-
ma, incubated, and miRNeasy serum/plasma spike-in control 
Caenorhabditis elegans miR-39 miRNA mimic (1 × 108 copies/μL) 
(Qiagen) was added to each sample. Aqueous and organic phase 
separation was achieved using chloroform. The aqueous phase 
was extracted after centrifugation and addition of absolute ethyl 
alcohol. The mixture was transferred to RNEasy mini spin col-
umns and centrifuged. Buffers RWT and RPE were used respec-
tively on two consecutive steps to wash the spin columns with 
centrifugation. The total RNA including miRNA was eluted us-
ing RNAse-free water applied directly at the center of the mini 
spin column silica membrane and centrifuged at full speed. The 
RNA eluates from tissue and plasma were stored at –20°C un-
til subsequent analysis.

Reverse transcription of miRNA and preamplification of 
cDNA 

MiRNAs from colorectal tissues and plasma were polyadenyl-
ated and reverse transcribed using the miScript II RT kit and 
miScript HiSpec buffer (Qiagen) following the manufacturer’s 
procedure. RNAse-free water (40 μL) was added to the synthe-
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sized cDNA (10 μL), and the mixture was aliquoted into PCR 
tubes and stored at –20°C until analysis. 

MiScript PreAMP PCR Kit (Qiagen) was used to pre-amplify 
the cDNA target templates following manufacturer instructions. 
MiR-16 was analyzed to determine the optimal dilution for real-
time quantitative reverse transcription polymerase chain reac-
tion (RT-qPCR). Samples that generated Ct values between 10 
and 24 needed no further dilution for target miRNAs using 
RT-qPCR. Efficiency of reverse transcription was measured using 
miRTC assay. Efficient reverse transcription for the miRTC primer 
assay was set at Ct values between 14 and 20. 

Quantification of selected miRNAs by qRT-PCR

SNORD61 and C. elegans miR-39 primers for normalization 
of tissue and plasma miRNA, respectively, and 10× miScript 
primer assay mixes for hsa-miR-21-5p, hsa-miR-196b-5p, hsa-
miR-135b-5p, hsa-miR-92a-3p, hsa-29a-3p, and hsa197-3p 
were ordered from Qiagen. Two microliters of pre-amplified 
cDNA was pipetted into a 96-well PCR plate, and 23 μL of re-
action mix (12.5 μL 2 × QuantiTect SYBR Green PCR master 
mix, 2.5 μL 10 × miScript universal primer, 2.5 μL 10 × miS-
cript primer assay mix, and 5.5 μL RNAse-free water) was added. 
Amplification was performed under the following conditions: 
initial activation step at 95°C for 15 minutes, denaturation at 
94°C for 15 seconds, annealing at 55°C for 30 seconds, and ex-
tension at 70°C for 30 seconds for 40 cycles. All assays were 
performed in duplicate. 

Data processing and analysis 

The relative expression levels of the miRNAs interrogated 
were normalized to those of SNORD61 and cel-miR-39 and 
determined by the 2-ΔΔCt method. Using GraphPad Prism 8.3 
for Windows (GraphPad Software, San Diego, CA, USA, http://
www.graphpad.com) and XLSTAT 2019.3.2 (Addinsoft, Paris, 
France), intergroup comparisons were analyzed by paired t tests 
and Mann-Whitney tests. Spearman correlation coefficient was 
used for correlation analysis. A p-value less than .05 (two-tailed) 
was considered statistically significant. The receiver operating 
characteristic (ROC) and the area under the ROC curve (AUC) 
with 95% confidence interval (CI) were generated, and the num-
ber of outliers per tissue and plasma group were determined by 
Robust Regression and Outlier Removal (ROUT) [23]. These 
discriminating performance calculations were carried out using 
GraphPad Prism 8.3 (GraphPad Software Inc., San Diego, CA, 
USA).

RESULTS

Clinicopathological characteristics of CRC patients

A total of 41 FFPE malignant tissues and their corresponding 
adjacent neoplasm-free mucosal tissues (n = 41) were collected 
from histologically confirmed Filipino CRC patients. EDTA-
treated plasma samples from the same CRC patients (n = 36) 
were collected prior to surgery or any form of treatment and from 
their age  and sex-matched clinically healthy controls (n = 36). 
Table 1 shows the clinicopathologic characteristic of cases included 
in this study. 

Expression patterns of selected miRNAs in CRC tissue and 
plasma

Table 2 shows the relative expression and fold regulation of the 

Table 1. Clinicopathologic profile of cases

Characteristics
No (%) 
(n = 41)

Age 
< 60 18 (44)
> 60 23 (56)

Sex 
Male 18 (44)
Female 23 (56)

Location of tumor
Rectum/cecum/rectosigmoid 34 (83)
Sigmoid ascending/transverse and descending 7 (17)

Histologic type
Adenocarcinoma 33 (80)
Mucinous cell carcinoma/signet ring cell carcinoma 8 (20) 

Histologic grade
Well-differentiated 26 (63)
Moderately to poorly differentiated 15 (37)

TNM stage
Stage I/II 20 (49)
Stage III/IV 21(51)

Lymph node metastasis
N0–N1 29 (71)
N2 12 (29)

Distant metastasis
M0–M1 28 (68)
Mx 13 (32)

Tumor size
< 5 cm 18 (44)
> 5 cm 23 (56)

Depth of tumor infiltration
Muscularis propria 18 (44)
Muscularis propria into the pericolic adipose tissue and 
  outside

23 (56) 

Perineural invasion
Absent 39 (95)
Present 2 (5)
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miRNAs in malignant colorectal tissue. MiR-21-5p, miR-29a-
3p, miR-92a-3p, and miR-196b-5p were upregulated in CRC 
tissues in relation to their adjacent neoplasm-free tissue. MiR-
92a-3p showed the highest fold change (FC = 7.41, p < .001) in 
CRC tissue, followed by miR-21-5p (FC = 4.23, p < .001) and 
miR-29a-3p (FC = 3.56, p < .001). MiR-135b-5p was downreg-
ulated (FC = 0.17, p < .001) in CRC tissue compared to its adja-
cent neoplasm-free tissue. The relative expression of miR-197-3p 
in CRC tissue was not significantly different (FC = 0.78, p = .676) 
in relation to its adjacent neoplasm-free tissue. 

To determine whether the dysregulated miRNAs in CRC 
tissue were released into the circulation, plasma from the same 
CRC patients was collected and tested for the specific miRNA 
under study prior to any form of treatment. Interestingly, ex-
pression patterns of miR-21-5p, miR-29a-3p, miR-92a-3p, 
miR-135b-5p, miR-196b-5p, and miR-197-3p in plasma of CRC 

cases were similar to plasma from clinically healthy individuals 
(Table 2). MiR-21-5p showed the highest expression (FC = 

8.40, p < .001) in CRC plasma, followed by miR-196b-5p (FC = 

4.75, p < .001) and miR-29a-3p (FC = 2.89, p < .001). Similar 
to CRC tissue, miR-135b-5p was downregulated (FC = 0.44, p < 

.001) in CRC plasma compared to clinically healthy controls. 
The relative expression of miR-197-3p in CRC plasma was not 
significantly different (FC = 1.32, p = .112) in relation to control 
plasma. 

To determine if the significant differences in miRNA expres-
sion levels in tissue and plasma were attributable to the presence 
of outliers, ROUT was performed. The residuals of the robust 
fit were analyzed to identify any outlier according to the false 
discovery rate approach for testing multiple comparisons. The 
ROUT coefficient was set at Q=1%. Table 2 shows that, upon 
outlier removal, the p-values between malignant and adjacent 
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Fig. 1. Heatmap analysis showing differential expression of selected miRNA. (A) Heatmap of selected miRNA in malignant and neoplasm-
free colorectal tissues. Each row (1-41) represents a tissue sample. (B) Heatmap of selected miRNA in colorectal cancer (CRC) plasma and 
clinically healthy control plasma. Each row (1-36) represents a plasma sample. (C) Heatmap of selected miRNAs in plasma of early (I/II) and 
late stages (III/IV) of CRC. Each row (1-20) represents a plasma sample. The first and second columns for each miRNA in each heatmap 
represent respective malignant and adjacent neoplasm-free tissues (A) plasma from CRC patients and healthy controls (B) and early (n = 16) 
and advanced (n = 20) stages (C). The color scale shows saturation and brightness based on the mean values of the data set. The largest 
mean values are shown in red (> 40), while the lowest mean values are shown in green (< 10). The mean intensities of miR-21-5p, miR-196b-
5p, miR-92a-3p, and miR-29-3p are stronger in malignant colorectal cancer tissue and plasma of CRC patients compared to controls. In con-
trast, miR-135b-5p has a lower intensity in malignant colorectal cancer tissue and plasma of CRC patients. The mean intensities of miR-21-
5p, miR-196b-5p, miR-92a-3p, and miR-29-3p are stronger in early stages compared to late stages of CRC. MiR-135b-5p and miR-197-3p 
have lower mean intensity in early stages compared to late stages of CRC.  
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neoplasm-free tissue and CRC and clinically health control plasma 
remained significantly different.

Ability of selected miRNAs to discriminate malignant from 
neoplasm-free mucosal tissue and plasma from CRC 
patients from clinically healthy controls

To determine discriminatory ability of miRNAs under study, 
heatmap analysis was performed. Fig. 1A shows that majority of 
the CRC tissues exhibited greater color intensities than normal 
adjacent tissues with respect to miR-21-5p, miR-196b-5p, miR-
92a-3p, and miR-29a-3p expression. For miR-135b-5p, the col-
or intensity appeared lighter in CRC compared to normal adja-
cent tissue. 

Heatmap analysis (Fig. 1B) of plasma samples show that color 
intensity for miR-21-5p, miR-196b-5p, miR-92a-3p, and miR-
29a-3p of CRC was stronger than color intensity for control 
plasma. For miR-135b-5p, the color intensity appeared lighter 
in CRC plasma than in control plasma. This color intensity pat-
tern exhibited in CRC plasma is similar to that shown by malig-
nant tissue.

Relative expression of selected miRNAs in early and  
advanced stage CRC

Relative expressions of miR-21-5p (p = .531), miR-29a-3p (p 

= .473), miR-92a-3p (p = .578), miR-135b-5p (p = .611), miR-
196b-5p (p = .769), and miR-197-3p (p = .879) in tissues of pa-
tients with early-stage CRC were not significantly different from 

those in tissues of patients with advanced stage CRC (Table 3). 
Conversely, levels of all miRNAs studied were useful to dis-
criminate between early and advanced stage CRC using plasma. 
The relative plasma expressions of miR-21-5p (p = .006), miR-
29a-3p (p < .001), miR-92a-3p (p < .001), and miR-196b-5p (p 

< .001) were significantly higher in early-stage CRC compared 
to advanced-stage CRC (Table 3). In contrast, significantly 
higher expression of miR-135b-5p (p < .001) and miR-197-3p 
(p = .007) was observed in plasma samples of patients with ad-
vanced CRC compared to early stage. MiR-197-3p, which failed 
to discriminate CRC plasma from clinically healthy plasma, was 
able to distinguish between early and advanced stages of CRC 
(p = .007). Heatmap analysis (Fig. 1C) showed the potential of 
specific miRNAs in discriminating early (I/II) from advanced 
(III/IV) stage CRC. The mean color intensities of miR-21-5p, 
miR-196b-5p, miR-92a-3p, and miR-29-3p are greater in the 
early stages compared to late stages of CRC. MiR-135b-5p and 
miR-197-3p have a lower mean color intensity in early stages 
compared to late stages of CRC. 

Correlation of expression levels of miRNAs in tissues and 
plasma

Results show that expression levels of miR-196b-5p (r = 0.02, 
p = .921), miR-135b-5p (r = 0.14, p = .430) and miR-197-3p (r = 

-0.24, p = .150) in tissue and plasma were not correlated. A 
weak positive correlation was observed with miR-21-5p (r = 0.33, 
p = .049) while miR-92a-3p (r = 0.54, p = .007) and miR-29-3p 

Table 3. Relative expression of selected miRNAs in tissue and plasma of patients with early (I/II) and advanced stage (III/IV) CRC

miRNA
Mean expression of miRNA in tissue

p-value
Mean expression of miRNA in plasma

p-value
Early stage (n = 20) Advanced stage (n = 21) Early stage (n = 16) Advanced stage (n = 20) 

miR-21-5p 10.13 ± 10.87 8.02 ± 7.39 .531 12.33 ± 5.33 7.14 ± 5.13 .006
miR-196b-5p 3.58 ± 2.53 5.02 ± 5.05 .769 10.76 ± 1.93 5.54 ± 2.35 < .001
miR-135b-5p 1.05 ± 1.63 0.76 ± 1.26 .611   2.34 ± 1.22 10.80 ± 3.76 < .001
miR-92a-3p 12.51 ± 11.89 14.90 ± 14.59 .578   9.92 ± 2.53 2.94 ± 2.95 < .001
miR-29a-3p 5.30 ± 3.19 5.06 ± 4.14 .473   6.67 ± 2.18 3.32 ± 2.18 < .001
miR-197-3p 1.18 ± 0.73 1.50 ± 1.49 .879   1.16 ± 1.03 2.60 ± 2.05 .007

miRNA (miR), microRNA; CRC, colorectal cancer.

Table 4. Correlation of the expression levels of selected miRNAs in tissue and plasma of CRC patients

Sample

miR-21-5p miR-196b-5p miR-135b-5p miR-92a-3p miR-29a-3p miR-197-3p

Mean
expression 

level
r

p-
value

Mean
expression 

level
r

p-
value

Mean
expression 

level
r

p-
value

Mean
expression 

level
r

p-
value

Mean
expression 

level
r

p-
value

Mean
expression 

level
r

p-
value

Tissue 9.35 ± 8.28 0.33 .049 4.39 ± 5.09 0.02 .921 1.06 ± 1.64 0.14 .430 4.45 ± 3.56 0.54 .007 3.41 ± 2.53 0.52 .048 3.33 ± 3.36 –0.24 .150
Plasma 5.84 ± 6.56 16.60 ± 12.09 0.89 ± 0.99 7.63 ± 8.29 3.15 ± 3.79 3.86 ± 3.04

miRNA (miR), microRNA; CRC, colorectal cancer.
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(r = 0.52, p = .048) expressions in CRC tissues and plasma pre-
sented a moderate correlation (Table 4). 

Diagnostic potential of selected miRNAs in detection of 
CRC in tissue and plasma

AUC values of the ROC were computed for each miRNA to 
evaluate their diagnostic value in detection of CRC in tissues 
and plasma. In CRC tissue, miR-92a-3p obtained the highest 
AUC (0.89; 95% CI, 0.82 to 0.97), with a sensitivity of 0.93 and 
specificity of 0.95 (Table 5). In detecting malignancy using plasma 
samples, MiR-196b-5p showed the highest AUC (0.94; 95% CI, 
0.89 to 0.99) with a sensitivity of 0.97 and specificity of 0.94 
(Table 5). In early detection of CRC using plasma samples, miR-
92a-3p showed the highest AUC (0.95; 95% CI, 0.88 to 0.99), 
with a sensitivity of 0.95 and specificity of 0.94 (Table 5). 

DISCUSSION

The identification of diagnostic molecular biomarkers is sub-
stantial in cancer research. Increasing evidence suggests that 
miRNAs play a vital role in regulating the development, differ-
entiation, and progression of cancer. MiRNAs are well preserved 
in tissue even after formalin-fixation and paraffin-embedding. 
They can be efficiently extracted and assessed from tumors and 
body fluids such as serum, plasma, urine, stool, and saliva. The 
miRNAs analyzed in the current study have been identified in 
previous independent studies utilizing diverse study subjects 
(different races and populations) through sequencing and PCR 
techniques as candidate biomarkers for CRC. The differences 
and similarities in the expression patterns of these miRNAs in 
tissue and plasma across different study populations have been 
highlighted. Similarly, the current study determined the pat-
tern of these miRNAs, thereby contributing to the current un-
derstanding of which specific signature miRNAs can be applied 
in the clinical setting. 

The current study shows that miR-21-5p, miR-29a-3p, miR-
92a-3p, and miR-196b-5p were significantly overexpressed 
while miR-135b-5p was underexpressed in malignant compared 
to neoplasm-free colorectal tissues. The above specific miRNAs 
were also dysregulated in the plasma of CRC patients but not 
in their matched clinically healthy controls. However, miR-197-
3p expression in tumor tissue and plasma of cancer patients was 
not significantly different from that in controls.

MiR-21-5p plays an oncogenic role in the development and 
progression of CRC by modulating malignant processes such as 
proliferation, anti-apoptosis, cell cycle progression, and invasion 
in CRC cells through downregulation of PTEN protein expres-
sion [24]. Prostaglandin-endoperoxide synthase 2 (PGTS2) pro-
duces inflammatory mediator prostaglandin E2 (PGE2), which 
has been described as promoting colorectal tumor development. 
PGTS2-driven inflammatory responses induce tumor expres-
sion of miR-21-5p that can elevate PGE level by downregulating 
PGE2-metabolizing enzymes [25]. During CRC development, 
miR-21 also induces stemness by downregulating TGFβR2 
(transforming growth factor beta receptor 2) and stimulates in-
vasion and metastasis by suppressing the PDCD4 gene [26]. 
MiR-21 expression has been found to be upregulated in breast, 
lung, and gastric cancers including CRC and hematological 
malignancies [27]. This study agrees with previous findings that 
miR-21-5p is upregulated in tissues [27-29] and plasma or serum 
[29-32]. Mir-21-5p expression was 12 and 10 times higher in se-
rum and stool, respectively, of CRC patients compared to those 
of healthy controls [31]. Meanwhile, Stiegelbauer et al. [32] ob-
served a serological underexpression of miR-21-5p in CRC. 
Plasma miR-21-5p downregulation was also detected in invasive 
breast cancer [33]. 

It has been observed that miR-196b-5p is upregulated in acute 
lymphoblastic leukemia but downregulated in glioblastoma, 
cervical cancer, and B-cell lymphoma. This miRNA has been 
experimentally validated to regulate CRC cell migration and 

Table 5. Diagnostic performance of the selected miRNA for CRC

miRNA

 Diagnostic performance for CRC irrespective 
of cancer stage using tissue samples

 

Diagnostic performance for CRC irrespective 
of cancer stage using plasma samples 

 

Diagnostic performance for 
early-stage CRC using plasma samples

AUC
Cutoff 
point

Sensitivity Specificity AUC
Cutoff 
point

Sensitivity Specificity AUC
Cutoff 
point

Sensitivity Specificity

miR-21-5p 0.78 3.56 0.80 0.83   0.78 3.89 0.81 0.83   0.77 3.69 0.80 0.81
miR-196b-5p 0.64 0.97 0.68 0.71   0.94 4.96 0.97 0.94   0.94 5.24 0.95 0.94
miR-135b-5p 0.76 2.32 0.80 0.83   0.83 1.45 0.86 0.89   0.84 2.05 0.85 0.88
miR-92a-3p 0.89 1.40 0.93 0.95   0.76 1.39 0.81 0.81   0.95 1.79 0.95 0.94
miR-29a-3p 0.81 1.23 0.85 0.83   0.83 1.21 0.86 0.83   0.87 0.41 0.90 0.88
miR-197-3p 0.52 2.41 0.56 0.63   0.60 2.06 0.61 0.67   0.76 2.41 0.80 0.81

miRNA (miR), microRNA; AUC, area under the receiver operating characteristic curve; CRC, colorectal cancer.
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metastasis through interaction with GALNT5 and HOXB7 genes 
[34]. Although they vary in expression levels, the miR-196 
family of molecules is consistently overexpressed in oral cavity, 
esophageal, stomach, and intestinal cancer tissues [35]. Several 
investigations [36-38] support our findings that miR-196b ex-
pression levels in malignant tissues are significantly higher than in 
adjacent normal colorectal mucosa. MiR-196b-5p was also found 
to be elevated in serum exosomes of CRC and is associated with 
liver metastasis [35]. MiR-196b-5p is also more upregulated in 
serum of patients with CRC compared to that in adenoma pa-
tients or healthy individuals [36]. A few reports have shown 
that the miR-196 family can also act as tumor suppressors. For 
instance, miR-196a suppresses metastasis in breast cancers [37] 
and melanoma [38]. MiR-196-b has been found to be down-
regulated in different types of leukemia cells [39].

Upregulation of miR-29a in tissue and plasma of CRC patients 
was noted in the present study. Similarly, Brunet Vega et al. [40] 
noted that miR-29a along with 10 other miRNAs were signifi-
cantly increased in malignant colorectal tissue samples compared 
with non-cancerous adjacent mucosa. In the same study, serum 
level of miR-29a was overexpressed in CRC patients but not in 
healthy controls. In a genome-wide miRNA profiling conduct-
ed by Giraldez et al. [41], in 63 plasma samples from newly di-
agnosed CRC patients, miR-29a was confirmed to be upregu-
lated compared with controls. In contrast, downregulation of 
miR-29a has been observed in human lung cancer tissues. Liu et 
al. [42] demonstrated that expression level of miR-29a was sig-
nificantly downregulated in 38 pairs of lung cancer tissues com-
pared to adjacent normal tissue. MiR-29a-3p promotes CRC 
metastasis by regulating MMP-2 gene and E-cadherin via the 
KLF-4 signaling pathway [43]. It has also been found to pro-
mote cell proliferation and epithelial-mesenchymal transition 
in breast cancer by targeting TET-1 [44]. Conversely, miR-29a 
functions as a tumor suppressor by targeting the MUC-1 in pan-
creatic cancer cell [45]. 

The miR-92 family, one of the four families that belong to 
the miR-17-92 cluster, has been shown to regulate formation of 
vascular endothelial cells and blood vessels. Aberrant expression 
of the miR-92a family has been observed in breast, lung, gastric, 
prostate, and pancreatic cancers [46]. MiR-92a-3p is implicated 
as a key oncogenic component in the miR-17-92 cluster during 
colorectal tumorigenesis [47]. Mir-92a promotes metastasis by 
suppressing PTEN gene expression and activation of the PI3K/
AKT pathway [48]. The current study showed miR-92a-3p to be 
overexpressed in malignant tissue and plasma of CRC patients. 
Our study revealed that miR-92a-3p obtained the highest 

sensitivity and specificity in detecting CRC in tissue. Tsuchida et 
al. [47] found in their study that miR-92 was more significantly 
upregulated in both colorectal adenoma and carcinoma com-
pared to the other five miRNAs in the cluster. Along with miR-
21 and miR-29a, miR-92a has been observed to be significantly 
upregulated in CRC tissues compared to normal colorectal mu-
cosal tissue. Moreover, this study agrees with the results of Ng 
et al. [9] that miR-92a was upregulated in both plasma and tissue 
samples of CRC patients in comparison with healthy controls. 

MiR-135b-5p, an oncogene, has a tumor-promoting effect by en-
abling proliferation and inhibiting apoptosis of CRC cells through 
negative regulation of the TGF-β signaling pathway [49]. Mag-
alhaes et al. [50] experimentally validated that downregulation 
of the APC gene caused by miR-135b-5p led to higher transduc-
tion signaling within the β-catenin/Wnt pathway, causing a 
greater proliferative capacity of malignant cells. APC modulates 
β-catenin as an essential part of the multi-protein complex that 
marks it for proteasomal degradation. MiR-135b-5p expression 
in CRC tissue and plasma was downregulated in this study. Zekri 
et al. [51] obtained similar findings, wherein serum miR-135b-
5p and miR-454 were the only downregulated miRNAs in CRC 
and colonic polyp groups compared to the IBD group. In contrast, 
Bastaminejad et al. [52] demonstrated that expression levels of 
miR-135b-5p in serum and stool of CRC patients were 32 and 16 
times higher compared to healthy controls, respectively. While 
miR-135b-5p is known to be an oncogenic miRNA, it might 
have different binding affinities due to its numerous potential tar-
get genes [53]. 

Whether the miRNAs detected in circulation are products of 
tumor apoptosis or are secreted by the active tumor cell itself 
remains controversial. MicroRNAs released in the circulation 
are usually bound to Argonaute proteins, microvesicles, exo-
somes, or lipoproteins that offer different degrees of protection. 
Hence, circulating miRNAs exhibit half-lives ranging from min-
utes to hours, which might explain why their concentrations in 
circulation vary and why their expressions in the tumor and 
plasma of the same patient might not be correlated [54]. MiR-
1224, for instance, is the most upregulated miRNA in CRC 
plasma samples, but its expression in its paired tumor sample is 
rather low. Several explanations have been offered regarding the 
non-correlation between tumor and plasma miRNA expression 
levels. Exosomal shifting between the tumor mass and fluid 
microenvironment is one possibility [55]. 

Cancer-associated circulating miRNAs might have originat-
ed from immunocytes in the tumor microenvironment or from 
some other response mediated by affected organs or system 
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[56,57]. Investigators suggest that tumor cells secrete a variety 
of miRNAs that act on immunocytes to modulate immune re-
sponses. In response, the immunocytes secrete miRNAs that ei-
ther promote or inhibit tumor proliferation, migration, and 
apoptosis [58]. Lastly, technical issues such as sample type, bio-
logical and racial differences, and analytical and normalization 
methods can significantly contribute to the lack of or weak rela-
tional expression of specific microRNAs in tissue and plasma. 
Researchers found that serum samples can yield lower miRNA 
concentrations compared to plasma primarily due to the presence 
of cellular contaminants particularly from platelets.

CRC has been considered an extremely heterogenous and dy-
namic disease characterized by multiple molecular pathways 
throughout its development. This can be attributed to the exis-
tence of cellular subpopulations between and within tumors of 
divergent genotype and phenotype expressions [59]. Chromo-
somal instability, microsatellite instability, aberrant DNA meth-
ylation, and DNA repair mechanisms are intricate processes in-
volved in colorectal epithelial cell transformation and all confer 
on a tumor its distinctiveness [60]. This high degree of genom-
ic diversity in CRC over time, including relationships between 
subpopulations within and between the tumor, inaccurately re-
flects the true molecular profile within the tumor tissue sample, 
forming a major obstacle in clinical practice [61]. Further, this 
tumor heterogeneity can introduce sampling bias, heightening 
the intricacies in validation of oncology biomarkers [62]. Mo-
lecular diagnostic studies that seek to recognize driver muta-
tions within a tumor can be affected by the presence of multiple 
mutations within the same sample. Thus, it is imperative to pru-
dently characterize tumor samples for research to avoid inexpli-
cable results or outcomes. 

There are certain limitations that need to be considered when 
interpreting the findings of this study. First is the small sample 
size in the context of miRNA-based biomarker identification and 
validation. Due to limited budget, the current study was only 
able to analyze a limited number of samples. Thus, a follow-up 
study to validate the current findings in a prospective set of sam-
ples in a blinded manner is recommended. Moreover, the research 
team has, in a separate study, applied artificial intelligence (AI) 
in the analysis of the data, wherein a set of samples has been 
used as a training set to create the AI models, and the remaining 
samples were used as test specimens to determine the diagnostic 
potential of the miRNAs. Second, this study was a single-insti-
tution study focused on a specific population in the Philippines, 
whose diet and lifestyle might not represent those of other ethnic 
regions of the country. Recruitment of CRC patients and controls 

from different parts of the country is suggested to determine re-
producibility of findings. 

In conclusion, this study presented a proof of concept that 
dysregulated miRNAs in CRC tissues are observed in the cir-
culation, supporting their potential as non-invasive biomarkers 
for early detection of CRC. Results of this study agree with those 
of previous studies using samples from other populations. How-
ever, clinical translation of miRNA as a non-invasive circulating 
biomarker requires highly sensitive, specific, reproducible, reli-
able, and robust assays to enable its accurate and precise quanti-
fication in tissue, plasma, serum, and other human body fluids. 
Critical pre-analytical and analytical variables such as individual 
biological variability, sample type, sample storage, miRNA ex-
traction and purification, detection method, and normalization 
all need to be optimized.
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Carcinoma ex pleomorphic adenoma (CPA) is defined as car-
cinoma derived from pleomorphic adenoma (PA). Virtually all 
types of salivary gland carcinomas can occur within PAs, and can 
be classified as luminal, abluminal, or mixed type [1]. The most 
common form of CPA is high-grade carcinoma of a luminal type, 
which is histologically equivalent to salivary duct carcinoma 
(SDC). A significant proportion of SDCs are believed to arise in 
Pas [2]. These CPAs are thought to result from the accumula-
tion of genetic instabilities in the luminal epithelial cells of ei-
ther a long-standing primary or a recurrent PA. The existence 
of early CPA has been recognized and reported using a range of 
terms including ‘precancerous foci,’ ‘non-invasive (intracapsular) 
carcinoma,’ ‘intraductal carcinoma,’ ‘intracapsular (in situ) carci-
noma,’ and ‘intraductal precursor’ [3-8]. Since the exact mean-
ing of these terms varies slightly, confusion can arise. In this pa-
per, we restrict the term “in situ” to intratubular or intraductal 

carcinoma surrounded by benign myoepithelial cells, and do not 
apply it to CPA without extracapsular invasion. 

The expression of androgen receptor (AR) and gross cystic dis-
ease fluid-15 (GCDFP-15) in SDCs was first reported in 1998 
[9], and the apocrine nature of SDC has recently been described 
[10]. CPA frequently shows expression of AR [11,12], indicating 
that it shares the apocrine nature of SDC. Expression of AR has 
also been reported in a small number of studies on PA [12,13]. 
We attempted to identify the apocrine phenotype in atypical PA 
and residual PA in cases of CPA. 

MATERIALS AND METHODS

Case selection

Five resected cases of CPAs with both invasive and in situ car-
cinoma (CisPA) and residual PA and six cases of CisPA only with 
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residual PA were selected from among 32 luminal-type CPA 
specimens collected at the Asan Medical Center, Seoul, Korea, 
between 2006 and 2017. Twenty-one cases without in situ car-
cinoma or residual PA, and 20 abluminal-type CPAs from the 
same period were excluded from the study. CisPAs were defined 
by the presence of areas of intratubular growth of markedly 
atypical cells, with expansion and distortion of surrounding myo-
epithelial frames. Seventeen resected cases of PA with atypical 
changes were selected from the same period at random. The pres-
ence of cellular enlargement with nuclear pleomorphism, hyper-
chromasia, and prominent nucleoli, without structural abnor-
mality, was regarded as atypical change in PA. 

 
Immunohistochemistry

Representative areas from 28 cases were subjected to immu-
nohistochemistry for p53 (1:1,500, clone DO-7, DAKO, Glos-
trup, Denmark), human epidermal growth factor receptor 2 
(HER2; 1:8, clone 4B5, Ventana Medical Systems, Tucson, AZ, 
USA), AR (1:100, clone SP107, Cell Marque, Rocklin, CA, USA), 
pleomorphic adenoma gene 1 (PLAG1; 1:50, clone 3B7, Novus, 
Centennial, CO, USA), GCDFP-15 (1:50, clone 23A3, Neomark-
ers, Fremont, CA, USA), and anti-mitochondrial antibody (AM; 
1:2,000, clone 113-1, Abcam, Cambridge, UK). Staining was 
carried out using the Benchmark XT automated immunohisto-
chemistry system (Ventana Medical Systems). Expression in car-
cinoma cells and atypical cells was evaluated as follows: nuclear 
staining in ≥ 10% of cells was defined as positive for p53, AR, 
and PLAG1. The positivity of p53 was scored as +1 when 10% 
to one-third of cells were positive; +2 when one-third to one-half 
of cells were positive; or +3 when, more than two-thirds of cells 
were positive [14]. HER2 was evaluated using the American So-
ciety of Clinical Oncology 2018 system [15] as follows: negative, 
score 0 (no staining or incomplete staining in ≤ 10% of tumor 
cells) or score 1 (incomplete staining in > 10% of tumor cells); 
equivocal, score 2 (weak/moderate complete staining in > 10% of 
tumor cells); positive, score 3 (intense complete staining in > 10% 
of tumor cells). Cytoplasmic staining for GCDFP-15 and AM 
was graded from 0 to +3 according to the presence and intensi-
ty of the stain.

 
RESULTS

Patient characteristics

CPA specimens came from eight male and three female pa-
tients aged 35 to 78 years (mean, 57). Eight cases were located 
in the parotid gland and three cases occurred in the submandib-

ular gland. The mean tumor size was 2.6 cm (range, 1.5 to 4.3 
cm). The mean time between symptom presentation and diag-
nosis was 123 months. Six patients received postoperative adju-
vant radiotherapy. No patient developed recurrence or metasta-
sis during the mean follow-up period of 66 months (range, 15 
to 104 months). The 17 patients with PA included seven males 
and 10 females aged 29 to 73 years. The parotid gland was the 
most common site. These data are presented in Tables 1 and 2.

Immunoprofiles

The immunohistochemical results are summarized in Tables 
1 and 2. Invasive or in situ carcinoma cells in all 11 CPAs were 
positive for AR and GCDFP-15, manifesting an apocrine na-
ture. They were also positive for HER2, p53, and anti-mitochon-
drial antibody, and negative for PLAG1. The residual PA parts of 
CPA cases contained areas of apocrine phenotype and morphol-
ogy including dense plump eosinophilic cytoplasm with snouts. 
HER2 expression was negligible in these components. The ex-
pression of p53 in the residual PAs was variable. Reaction to an-
ti-mitochondrial antibody was strong in all cases, and PLAG1 
was positive in one residual PA (Fig. 1). 

Atypical cells in PA cases could be divided into either apocrine 
or oncocytic changes on the basis of reactivity to AR, GCDFP-15, 
and anti-mitochondrial antibody. Nine cases were positive for 
all, corresponding to apocrine changes, and eight cases were nega-
tive for AR or GCDFP-15 and strongly positive for anti-mito-
chondrial antibody, representing oncocytic changes. In the for-
mer group, the HER2 score was 1 or 0, while all cases in the 
latter group had a score of 0. All specimens with apocrine or on-
cocytic changes showed positive reactions to anti-mitochondrial 
antibody. There were variable positive reactions to p53 across the 
cases. In most specimens with oncocytic changes and in two apo-
crine cases, PLAG1 was expressed. These two types of metapla-
sia were sometimes difficult to distinguish by histology alone 
(Fig. 2). Interestingly, the acini of the submandibular glands 
stained diffusely positive for GCDFP-15, while the acini of the 
parotid gland did not, suggesting different constituents between 
the two glands.

  
DISCUSSION

The most common type of CPA is high-grade carcinoma, which 
is histologically equivalent to SDC. Several genetic studies into 
PLAG1 or HMGA2 abnormalities in SDCs have suggested that 
a large proportion of SDCs arise in PAs regardless of the presence 
or absence of residual PA [2,16,17]. SDCs affect men more than 
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Table 2. Basic information and immunoprofiles of atypical pleomorphic adenomas

Case No. Location Sex/Age (yr) AR GCDFP-15 HER2 p53 AM PLAG1

1 SMG M/29 + +1 0 +1 +2 –
2 Parotid F/70 + +1 1 +3 +3 +
3 Parotid M/40 + +3 0 +3 +3 –
4 Parotid M/55 + +1 0 +2 +3 –
5 Parotid F/56 + +2 1 +1 +2 –
6 Parotid M/76 + +3 0 +3 +3 –
7 Parotid F/64 + +1 1 +1 +1 +
8 SMG M/62 + +1 1 +1 +1 –
9 Oropharynx M/70 + +3 1 +1 +3 –
10 SMG F/42 – – 0 +1 +1 +
11 Parotid F/38 – – 0 +1 +2 +
12 SMG F/61 – +1 0 +1 +2 –
13 Parotid M/37 – – 0 +1 +2 +
14 Parotid F/73 – – 0 +2 +1 +
15 Buccal F/36 – – 0 +1 +3 +
16 Parotid F/64 – – 0 +2 +3 +
17 Parotid F/55 – – 0 +2 +3 +

AR, androgen receptor; GCDFP-15, gross cystic disease fluid protein-15; HER2, human epidermal growth factor receptor 2; AM, anti-mitochondrial antibody; 
PLAG1, pleomorphic adenoma gene 1; SMG, submandibular gland; M, male; F, female.

Table 1. Basic information and immunoprofiles of carcinoma ex pleomorphic adenomas

Case No. Location Sex/Age (yr) Component AR GCDFP-15 HER2 p53 AM PLAG1

1 Parotid M/59 Inv. CPA + +1 3 +3 +2 –
CisPA + – 2 +3 +1 –
PA + +1 0 +1 +2 –

2 Parotid M/48 Inv. CPA + – 3 +1 +2 –
CisPA + – 3 +1 +2 –
PA + +1 0 - +2 –

3 Parotid F/58 Inv. CPA + – 3 +2 +2 –
CisPA – – 1 +2 +2 –
PA + + 0 +2 +2 +

4 Parotid M/44 Inv. CPA + +1 3 +1 +2 –
CisPA + +1 3 +1 +2 –
PA + +1 0 +1 +2 –

5 Parotid M/69 Inv. CPA + +1 3 +3 +2 –
CisPA + +1 3 +3 +2 –
PA + +1 0 +2 +2 –

6 Parotid M/62 CisPA + – 3 +1 +2 –
PA + +3 - +1 +2 –

7 SMG F/78 CisPA + +1 3 +3 +2 –
PA + +1 - +1 +2 –

8 Parotid M/35 CisPA + +2 2 +1 +2 –
PA + +3 - +1 +2 –

9 SMG M/52 CisPA + +1 2 +3 +3 –
PA + +1 - +2 +3 –

10 SMG F/52 CisPA + +1 2 +1 +2 –
PA – +2 - +1 +2 –

11 Parotid M/55 CisPA + +2 3 +3 +2 –
PA + +2 - - +1 –

AR, androgen receptor; GCDFP-15, gross cystic disease fluid protein-15; HER2, human epidermal growth factor receptor 2; AM, anti-mitochondrial antibody; 
PLAG1, pleomorphic adenoma gene 1; M, male; Inv. CPA, invasive carcinoma ex pleomorphic adenoma; CisPA, carcinoma in situ ex pleomorphic adenoma; 
PA, pleomorphic adenoma; F, female; SMG, submandibular gland.
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Fig. 1. Immunohistochemical results for carcinoma ex pleomorphic adenoma (left column), carcinoma in situ ex pleomorphic adenoma (mid-
dle column), and apocrine changes in residual pleomorphic adenoma (right column). All elements are positive for androgen receptor (AR), 
gross cystic disease fluid protein-15 (GCDFP-15), and anti-mitochondrial antibody (AM). The intensity of human epidermal growth factor re-
ceptor 2 (HER2) and p53 staining varies. Pleomorphic adenoma gene 1 (PLAG1) is negative in all cases.
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Fig. 2. Atypical changes in pleomorphic adenoma can be divided into the apocrine type (left column) and oncocytic type (right column) ac-
cording to the immunohistochemistry results for androgen receptor (AR) and gross cystic disease fluid protein-15 (GCDFP-15). Both types 
are positive for antimitochondrial antibody (AM). Faint focal staining for human epidermal growth factor receptor 2 (HER2) can be seen in five 
apocrine cases and one oncocytic type. In all cases, p53 is positive. Pleomorphic adenoma gene 1 (PLAG1) is expressed in most oncocytic 
cases, but rarely expressed in the apocrine type.
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women, and most of them show an apocrine phenotype with ex-
pression of AR [10]. We investigated whether there was an apo-
crine phenotype in the residual PA of CPAs and random PAs.

Our study confirmed that carcinoma cells of luminal-type 
CPA or CisPA were apocrine in nature, and there were apocrine 
changes in the residual PA components of these cases. These re-
sults suggested that apocrine changes might precede the devel-
opment of CPA, although the pre-neoplastic potential of apocrine 
changes cannot be determined at present. In the female breast, 
apocrine carcinoma is rare, while benign apocrine changes are 
common [18]. The neoplastic potential of apocrine changes in 
the breast remains controversial. Jones et al. [19] conducted com-
parative genomic hybridization on apocrine hyperplasia, apo-
crine carcinoma in situ, and invasive apocrine carcinoma, and 
suggested that apocrine hyperplasia is a non-obligate precursor 
of apocrine carcinoma. Other authors, however, have described 
the difficulty of distinguishing atypical apocrine lesions from 
low-grade apocrine carcinoma in situ, and the biological signifi-
cance of atypical apocrine lesions in the breast is unclear [20].

Apocrine changes or metaplasias are much rarer in the salivary 
gland than in the breast. Apocrine metaplasia in non-neoplastic 
salivary gland lesions has almost never been described. We found 
that the acini of the submandibular gland were diffusely positive 
for GCDFP-15, but they did not express AR. We found a simi-
lar report with respect to GCDFP-15 expression in the subman-
dibular gland [21], and we hypothesize that there are differences 
in composition between the serous acini of the submandibular 
and parotid glands. Apocrine metaplasia is also a rare phenome-
non in neoplasms of the salivary gland. Sclerosing polycystic 
adenosis (SPA), an uncommon proliferative lesion of the salivary 
gland, usually has an apocrine component, and 25.8% of these 
lesions develop ductal carcinoma, as reported in a review by Es-
pinosa et al. [22] These authors described two new cases of in-
traductal epithelial proliferation with apocrine-like differentia-
tion. For these reasons, many pathologists have considered SPA 
to be a tumorous lesion [23], and SPA is expected to be listed in 
the 5th edition of the WHO Classification of Head and Neck Tu-
mors as ‘sclerosing polycystic adenoma’ [24]. A case of SPA with 
ductal carcinoma in situ and expression of GCDFP-15 and AR 
has also been reported, suggesting a pathogenesis similar to 
that of CPA [25].

In PAs, apocrine metaplasia has rarely been described, while 
oncocytic, sebaceous, squamous, and mucinous metaplasia are 
relatively well recognized [26,27]. Nakajima et al. [12] reported 
that AR expression was observed in seven of 23 PA cases, but 
the relationship between AR expression and histology was not 

described. We could identify areas of apocrine changes in both 
residual PAs of CPAs and random PAs. The lesions often showed 
cystic changes and cytoplasmic snouts, but were sometimes his-
tologically indistinguishable from oncocytic changes. Both chang-
es are accompanied by cellular enlargement, rich eosinophilic 
cytoplasm, and large hyperchromatic nuclei with prominent nu-
cleoli, with pathologists wavering between diagnoses of benign 
atypia and carcinoma in situ. Not only oncocytic but also apo-
crine-type cells stained strongly with anti-mitochondrial anti-
body, reflecting the abundance of intracytoplasmic mitochon-
dria in both populations. The relevance of oncocytic changes in 
PA was not well established until Di Palma et al. [26] analyzed 
a case of PA with oncocytic changes using immunohistochemis-
try and microarray-based chromogenic in situ hybridization, and 
concluded that bizarre atypical cells are not malignant. They also 
decided, based on their expression of cytokeratin 8/18 and neg-
ativity for p63, that these cells were oncocytic epithelial cells. In 
contrast, non-apocrine oncocytic cells of the PAs in our series 
were all positive for PLAG1, suggesting that they had a myoepi-
thelial nature. 

Many pathologists have sought to identify early malignant 
changes in PAs using immunohistochemistry (IHC), including 
p53, HER2, and AR [3,4,6]. DeRoche et al. [13] reported that 
three of 41 PAs exhibited multifocal staining for HER2 and AR, 
but that the stained ductal epithelium showed no cytological 
atypia. They concluded that these markers could not be used to 
reliably predict early carcinomatous transformation. The signif-
icance of these lesions remains unclear. Meanwhile, an HER2 
positivity score of 3 correlated well with marked cellular and 
structural atypia in our series, and no cases of PA with apocrine 
or oncocytic atypia expressed HER2. This finding is consistent 
with those of previous studies by Di Palma et al. [4] and Logas-
undaram et al. [8]. It is noteworthy that all three of these stud-
ies, including ours, the HER2 expression rate in CPA was high, 
while the documented HER2 immunopositivity or amplifica-
tion rate in de novo SDC is approximately 30% [28,29], sug-
gesting pathogenetic differences. We recommend the use of 
HER2 IHC in atypical PAs, and that clinicians take HER2 pos-
itivity into serious consideration.

We could not find any characteristic patterns of p53 overex-
pression in this series between PA and CPA, in contrast to a pre-
vious report on p53 positivity in focal carcinoma and atypical 
tumor cells in PA [3]. Other studies revealed that TP53 muta-
tions were accompanied by malignant transformation of PA 
[5,30], but protein expression was ubiquitous in both PAs and 
CPAs in our study. Expression of p53 alone did not indicate car-
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cinomatous transformation.
In summary, we observed a similar apocrine phenotype in ma-

lignant and benign components of CPA, suggesting their rela-
tionship and a possible role of apocrine changes as a precursor to 
the development of carcinoma. Recognizing apocrine changes in 
PAs appears to be worth further investigation to facilitate the 
care of patients with PAs.
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Cervical metastasis from an unknown primary tumor (CUP) 
in the head and neck region is not rare. Reasons that primary 
tumors can avoid detection include small size, slow growth, hid-
den location, or involution [1,2]. The incidence of CUP in the 
West is approximately 1%–9% of all head and neck carcinomas 
[3-5]. Histologically, the most common type is squamous cell 
carcinoma, accounting for 75%–90% of all cases [6-8].

Human papillomavirus (HPV) [9,10] and Epstein-Barr virus 
(EBV) [11,12] are well-established carcinogenic viral agents in 
head and neck cancers and are increasingly associated with HPV 
infection [13,14]. HPV-mediated oropharyngeal cancer cases 

have better survival rates than HPV-unrelated cases. The unique 
biologic behavior and natural history of diseases caused by these 
viruses necessitated the development of a new staging system 
[15]. The eighth edition of the American Joint Committee on 
Cancer (AJCC) introduced separate classification systems for 
unknown primary head and neck carcinomas, as follows: (1) EBV-
positive, (2) HPV-positive, and (3) EBV-negative and HPV-neg-
ative [13,16].

A meta-analysis of 17 studies on head and neck squamous cell 
carcinomas of unknown primary cause reported that the HPV-
positivity rate of CUP was 49%, which is 10% lower than the 
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rate of oropharyngeal carcinoma. The survival benefit of HPV 
positivity was also favorable [17]. In contrast, a recent Korean 
study revealed that HPV status did not significantly affect the 
survival rate in unknown primary head and neck cancer [18]. 
Previous studies in Korea offered similar results, reporting no 
significant survival benefit of HPV in oropharyngeal carcinoma 
[19,20]. These results may be attributed to the high smoking 
rate in Korea. 

HPV infection and disruptive TP53 mutations are considered 
non-overlapping events, so HPV infection has shown an inverse 
relationship with TP53 mutations in various studies [21,22]. 
The TP53 mutation rate in CUP or the relationship between 
the TP53 mutation and HPV infection may also influence the 
behavior of CUP in Koreans. 

To date, research in Korea has been sporadic and small-scale. 
We therefore sought to analyze and understand the clinico-path-
ological characteristics of CUP in Korea through a multicenter 
study. We intended to investigate the role of HPV and EBV in 
CUP in Korea with p16 or p53 expression.

MATERIALS AND METHODS

Patient selection and patient inclusion as CUP 

Between January 2006 and December 2016, 159 patients di-
agnosed with metastatic carcinoma in cervical lymph nodes from 
the unknown primary site were analyzed across six hospitals 
(Asan Medical Center, Seoul St. Mary’s Hospital, Sanggye Paik 
Hospital, Kangbuk Samsung Hospital, Chungbuk National 
University Hospital, and Severance Hospital, Yonsei University 
College of Medicine) in South Korea. 

Among 159 cases, the primary sites in 64 cases were located 
after pathologic diagnosis of lymph node metastasis. The remain-
ing 95 cases were categorized as CUP, wherein the primary sites 
were not identified at the time of study initiation. 

Hematoxylin and eosin–stained slides and formalin-fixed par-
affin-embedded tissue were used for the analysis. Tissue microarrays 
(TMA) were constructed from representative parts of the tumor.

The research ethics committee of each institution deliberated 
on this process.

Clinicopathologic characteristics

Clinical data were collected through medical records, includ-
ing age at diagnosis, sex, smoking history, follow-up duration, 
and clinical outcomes. Pathologists at each hospital reviewed the 
hematoxylin-and-eosin–stained slides of corresponding hospital 
cases; confirmed the lymph node location of the metastatic tu-

mor; and determined the size of the largest metastasis, extrano-
dal extension, and N category. Histological findings were also 
analyzed, including keratinization, cystic change, basaloid pat-
tern, and lymphoepithelial lesions. 

Immunohistochemistry 

Immunohistochemical (IHC) staining was performed on 4-μm 
sections of TMA using the Ventana autostainer and UltraView 
DAB detection kit (Ventana Medical Systems, Tucson, AZ, USA), 
according to the manufacturer’s instructions. The antibodies we 
used were p16INK4a (1:6, clone E6H4, mouse mAb, Ventana 
Medical Systems) and p53 (1:1,500, clone M7001, mouse mAb, 
Dako, Glostrup, Denmark). According to the eighth edition of 
the AJCC cancer staging manual, p16 immunostaining was posi-
tive when it showed greater than a +2/+3 intensity in > 75% of 
tumor cells. Separately, the result of p53 was positive if nuclear 
staining was present in > 10% of tumor cells.

In situ hybridization 

EBV infection was evaluated by RNA in situ hybridization 
(ISH) (INFORM EBER, Ventana Medical Systems) and HPV 
infection was evaluated by DNA ISH (INFORM HPV III 
Family 16 Probe (B), Ventana Medical Systems). The INFORM 
HPV III Family 16 Probe (B) detects the following high-risk 
HPV types: 16, 18, 31, 33, 35, 45, 52, 56, 58, and 66. ISH 
was considered positive when > 70% of tumor cells showed nu-
clear staining.

Real-time polymerase chain reaction 

For cases wherein HPV ISH was unavailable, real-time poly-
merase chain reaction (RT-PCR) was performed. Nucleic acids 
were extracted from 10-μm (× 5) paraffin tissue sections, and 
the CFX96TM RT-PCR system (Bio-Rad Laboratories, Hercules, 
CA, USA) and Anyplex II HPV28 Detection system (31744024, 
Seegene, Seoul, Korea) were used. Anyplex II HPV28 detection 
(A) detects the following high-risk HPV types: 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68.

Grouping of cervical metastases according to HPV and 
EBV status

Patient cases were divided into three groups according to 
HPV and EBV status, as follows: HPV-related CUP, EBV-related 
CUP, and CUP unrelated to both HPV and EBV. HPV-related 
CUP was defined by results of p16 overexpression via IHC, 
positive high-risk HPV via HPV ISH, or positive high-risk HPV 
via RT-PCR analysis. EBV-related CUP was defined by EBV 
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confirmation via EBV ISH. HPV-unrelated and EBV-unrelated 
CUP was defined by results negative for p16, HPV ISH, HPV 
RT-PCR, and EBV ISH. Cases were categorized as “not deter-
mined” when the HPV or EBV ISH test finding was unavailable.

N category

According to the eighth edition of the AJCC cancer staging 
manual, three different approaches were applied to cases with 
unknown primary tumors. As the primary T category is T0, the 
N caegory was determined by different staging systems accord-
ing to EBV and HPV status, i.e., “nasopharynx” staging for EBV-
related CUP, “HPV-mediated (p16+) oropharyngeal cancer” 
staging for HPV-related CUP, or “cervical lymph nodes and un-
known primary tumors of the head and neck” staging for EBV-
unrelated and HPV-unrelated CUP.

Statistical analysis

Fisher’s exact test analyzed the variance between the three 
groups, which was then compared between them. Overall sur-
vival (OS) was counted from the first diagnosis of CUP to the 
date of death or final follow-up. Univariate and multivariate Cox 
proportional hazard regression models were used to identify a 
significant factor in predicting OS. Kaplan-Meier assessment 
was used to analyze OS, and the effect of groups on OS was inves-
tigated using the log-rank test. The variance (p < .05) significantly 
affecting OS in the univariate analysis was further tested through 
multivariate analysis. p < .05 was considered to be statistically 
significant. In the statistical comparison among groups accord-
ing to viral status, cases that were “not determined” (n = 7) were 
excluded.

RESULTS

Clinicopathologic and immunohistochemical factors of CUP 
cases

The histologic type of all 95 CUP cases was squamous cell 
carcinoma. Fifty-two patients (54.8%) were aged ≥ 60 years. 
Among the 95 CUP cases, 77 were male (81.1%) and 18 were 
female (18.9%). Thirty patients were non-smokers (31.6%), 16 
were past smokers (16.8%), 32 were current smokers (33.7%), 
and smoking status was not available for 17 patients (17.9%). 
Additionally, 19 patients (20.0%) had smoked for 1–20 pack-
years, 16 patients (16.8%) had smoked for 21–40 pack-years, 
10 (10.5%) had smoked for > 40 pack-years, and smoking du-
ration data were not available for 20 patients (21.1%). The most 
frequent size of the largest metastatic lymph node was ≤ 3 cm 

(n = 53, 55.8%). Cervical level II lymph node involvement was 
identified in 68 patients (71.6%), with the highest frequency. 
Extranodal extension was identified in 35 patients (36.8%). 
Stage N1 (n=39, 41.1%) was the most common stage. Kerati-
nization was identified in 36 patients (37.9%), cystic changes 
were identified in 29 patients (30.5%), a basaloid pattern was 
identified in 37 patients (38.9%), and lymphoepithelial lesions 
were identified in 20 patients (21.1%). The p16 IHC finding 
was positive in 34 patients (35.8%) and negative in 54 patients 
(56.8%). The p53 IHC finding was positive in 51 patients 
(53.7%) and negative in 34 patients (35.8%) (Table 1).

High-risk HPV and EBV status by DNA ISH or RT-PCR and 
comparison with p16 and p53 positivity

EBV ISH was available in 86 cases and was positive in five 
cases (5.8%). HPV ISH or RT-PCR was available in 82 cases, 
and high-risk HPV was detected in 22 cases (26.8%).

Among the five EBV-positive cases, four (80%) were p53 
positive, one (20%) was p53 negative, and none of the five cases 
showed p16 overexpression or identified high-risk HPV in RT-
PCR or HPV ISH. A p16 overexpression status was significantly 
associated with high-risk HPV status. Among the 22 HPV-pos-
itive cases, 19 showed p16 overexpression, while 13 among the 
60 HPV-negative cases showed p16 overexpression (90.5% vs. 
21.7%, p < .001) (Table 2). 

There was no significant relationship between p16 overexpres-
sion and p53 positivity (p = .113) nor between high-risk HPV 
infection and p53 positivity (p = .203).

Clinicopathologic comparison among three groups based 
on viral status

According to the IHC and ISH results, 37 cases (38.9%) were 
in the HPV-related group; five (5.3%) were in the EBV-related 
group; and 46 (48.45%) were in the HPV- and EBV-unrelated 
group, which displayed the greatest frequency of cases (Table 1).

The frequency of those < 60 years of age was high in the HPV-
related CUP group (n = 24, 64.8%). Meanwhile, the frequency 
of patients aged ≥ 60 years was high in the HPV- and EBV-un-
related CUP group (n = 33, 71.7%), which showed a significant 
difference between groups (p = .013) (Table 1). 

There was no significant difference in smoking status (p = .738) 
or smoking duration (p = .187) between groups divided by HPV/
EBV status.

The ≤ 3-cm cases showed the greatest frequency of the largest 
lymph node size across all three groups. In the EBV-related group, 
the largest lymph node size was ≤ 3 cm in all five cases. In the 
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Table 1. Characteristics according to the HPV and EBV status of cervical metastasis from an unknown primary tumor

Total
(n = 95)

HPV-related
(n = 37, 38.9%)

EBV-related
(n = 5, 5.3%)

HPV and EBV-unrelated 
(n = 46, 48.4%)

Not determined 
(n = 7, 7.4%)

p-value

Age (yr) .013
   < 50 12 (12.6) 7 (18.9) 1 (20.0) 4 (8.7) 0
   50–59 31 (32.6) 17 (45.9) 2 (40.0) 9 (19.6) 3 (42.9)
   60–69 26 (27.4) 8 (21.6) 2 (40.0) 15 (32.6) 1 (14.3)
   ≥ 70 26 (27.4) 5 (13.5) 0 18 (39.1) 3 (42.9)
Sex .907
   Male 77 (81.1) 31 (83.8) 4 (80.0) 37 (80.4) 5 (71.4)
   Female 18 (18.9) 6 (16.2) 1 (20.0) 9 (19.6) 2 (28.6)
Smoking status .738
   Non-smoker 30 (31.6) 11 (29.7) 1 (20.0) 16 (34.8) 2 (28.6)
   Past smoker 16 (16.8) 7 (18.9) 0 9 (19.6) 0
   Current smoker 32 (33.7) 11 (29.7) 1 (20.0) 15 (32.6) 5 (71.4)
   NA 17 (17.9) 8 (21.6) 3 (60.0) 6 (13.0) 0
Smoking duration (pack-years) .187
   Never-smoker 30 (31.6) 11 (29.7) 1 (20.0) 16 (34.8) 2 (28.6)
   1–20 19 (20.0) 9 (24.3) 0 7 (15.2) 2 (28.6)
   21–40 16 (16.8) 8 (16.2) 0 11 (19.5) 1 (14.3)
   ≥ 41 10 (10.5) 1 (2.7) 1 (20.0) 7 (15.2) 1 (14.3)
   NA 20 (21.1) 10 (27.0) 3 (60.0) 7 (15.2) 0
Lymph node size (cm) .030
   ≤ 3.0 53 (55.8) 23 (62.2) 5 (100) 24 (52.2) 1 (14.3)
   > 3.0, ≤ 6.0 28 (29.5) 6 (16.2) 0 20 (43.5) 2 (28.6)
   > 6.0 7 (7.4) 5 (13.5) 0 2 (4.3) 0
   NA 7 (7.4) 3 (8.1) 0 0 4 (57.1)
Lymph node level
   Level I 11 (11.6) 4 (10.8) 1 (20.0) 6 (13.0) 0
   Level II 68 (71.6) 30 (81.1) 4 (80.0) 28 (60.9) 6 (85.7)
   Level III 35 (36.8) 12 (32.4) 1 (20.0) 21 (45.7) 1 (14.3)
   Level IV 16 (16.8) 3 (8.1) 1 (20.0) 12 (26.1) 0
   Level V 9 (9.5) 1 (2.7) 2 (40.0) 5 (10.9) 1 (14.3)
   Level VI 0 0 0 0 (0) 0
   Retropharyngeal 2 (2.1) 0 1 (20.0) 1 (2.2) 0
   Axillary 1 (1.1) 0 0 1 (2.2) 0
   Supraclavicular 3 (3.2) 1 (2.7) 0 2 (4.3) 0
Extranodal extension .046
   Positive 35 (36.8) 10 (27.0) 3 (60.0) 20 (43.5) 2 (28.6)
   Negative 44 (46.3) 25 (67.6) 2 (40.0) 15 (32.6) 2 (28.6)
   NA 16 (16.8) 2 (5.4) 0 11 (23.9) 3 (42.9)
N category .001
   1 39 (41.1) 28 (75.7) 5 (100) 5 (10.9) 1 (14.3)
   2 1 (1.1) 1 (2.7) 0 0 0
   2a 6 (6.3) 0 0 6 (13.0) 0
   2b 5 (5.3) 0 0 5 (10.9) 0
   2c 2 (2.1) 0 0 2 (4.3) 0
   3 5 (5.3) 5 (13.5) 0 0 0
   3a 0 0 0 0 0
   3c 22 (23.2) 0 0 20 (43.5) 2 (28.6)
   NA 15 (15.8) 3 (8.1) 0 8 (17.4) 4 (57.1)
Keratinization .023
   Present 36 (37.9) 11 (29.7) 0 24 (52.2) 1 (14.3)
   Absent 59 (62.1) 26 (70.3) 5 (100) 22 (47.8) 6 (85.7)

(Continued to the next page)
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HPV- and EBV-unrelated group, the frequency of lymph nodes 
> 3 cm was highest (n = 22, 47.8%) among the three groups, 
and the frequency of cases with lymph nodes measuring 3–6 cm 
was particularly high (n = 20, 43.5%). 

Level II lymph node involvement was most frequently ob-
served across all three groups. Extranodal extension was infre-
quent in the HPV-related group (n = 10, 27.0%), while the HPV- 
and EBV-unrelated group (n = 20, 43.5%) and the EBV-related 

group (n = 4, 80%) showed a significantly greater frequency (p = 

.046) (Table 1).
All five patients in the EBV-related group were stage N1, 

which was the most frequent stage in the HPV-related group 
(n = 28, 75.7%). In the HPV- and EBV-unrelated group, N3c 
(n = 20, 43.5%) was the most frequent stage, and the differences 
were statistically significant (p < .001) (Table 1).

Among histologic factors, cystic changes and the basaloid pat-
tern were significantly frequently observed in the HPV-related 
group (n = 18, 48.6%, and n = 23, 62.2%, respectively). Lym-
phoepithelial lesions were significantly common in the EBV-re-
lated group (n = 4, 80%, p = .010). The histologic features in a 
representative case for the three groups are shown in Fig. 1. 

The results of the p53 IHC were not significantly different 
between the groups based on viral status (p = .341) (Table 1).

Regarding the clinical outcomes, the proportion of patients 
with no evidence of disease (NED) was 73.0% (27/37) in the 
HPV-related group, representing the highest frequency among 
the groups. In the HPV- and EBV-unrelated group, the rate of 

Table 1. Continued

Total
(n = 95)

HPV-related
(n = 37, 38.9%)

EBV-related
(n = 5, 5.3%)

HPV and EBV-unrelated 
(n = 46, 48.4%)

Not determined 
(n = 7, 7.4%)

p-value

Cystic change .016
   Present 29 (30.5) 18 (48.6) 0 11 (23.9) 0
   Absent 66 (69.5) 19 (51.4) 5 (100) 35 (76.1) 7 (100)
Basaloid pattern < .001
   Present 37 (38.9) 23 (62.2) 2 (40.0) 11 (23.9) 1 (14.3)
   Absent 58 (61.1) 14 (37.8) 3 (60.0) 35 (76.1) 6 (85.7)
Lymphoepithelial lesion .010
   Present 20 (21.1) 8 (21.6) 4 (80.0) 7 (15.2) 1 (14.3)
   Absent 75 (78.9) 29 (78.4) 1 (20.0) 39 (84.8) 6 (85.7)
p16 IHC < .001
   Positive 34 (35.8) 34 (91.9) 0 0 0
   Negative 54 (56.8) 2 (5.4) 5 (100) 46 (100) 1 (14.3)
   NA 7 (7.4) 1 (2.7) 0 0 6 (85.7)
p53 IHC .341
   Positive 51 (53.7) 18 (48.6) 4 (80.0) 29 (63.0) 0 
   Negative 34 (35.8) 17 (45.9) 1 (20.0) 16 (34.8) 0 
   NA 10 (10.5) 2 (5.4) 0 1 (2.2) 7 (100)
Follow-up duration (mo)
   Median 23.0 47.63 6.0 16.7 52.8
   Range 0.0–163.0 0–154 1–67 0–163 4–113
Clinical outcome
   NED 56 (58.9) 27 (73.0) 2 (40.0) 22 (47.8) 5 (71.4) .011
   AWD 16 (16.8) 7 (18.9) 2 (40.0) 7 (15.2) 0 
   DOD/DOC 23 (24.3) 3 (8.1) 1 (20.0) 17 (37.0) 2 (28.6)

Values are presented as number (%) unless otherwise indicated.
In the statistical comparison among groups according to viral status, cases of ‘not determined (n = 7)’ are excluded.
HPV, human papillomavirus; EBV, Epstein-Barr virus; NA, not assessed; IHC, immunohistochemistry; NED, no evidence of disease; AWD, alive with disease, 
DOD, death of disease, DOC, death of other cause. 

Table 2. Comparison of p16 overexpression and high-risk HPV 
detection

HPV ISH or RT-PCR
Total

Positive Negative ND

p16
   Positive 19 13 2 34
   Negative 2 47 5 54
   ND 1 0 6 7
Total 22 60 13 95

HPV, human papillomavirus; ISH, in situ hybridization; RT-PCR, real-time- 
polymerase chain reaction; ND, not determined.
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death from disease (DOD)/death from other disease (DOC) was 
37% (17/46), which was higher than that of the two virus-related 
groups. There was a significant difference in the clinical outcomes 
among the three groups (p = .011) (Table 1). 

OS estimates in CUP 

The univariate analysis revealed that ≥ 60 years of age (p < 

.001), current smoker (p = .024), > 40 pack-years (p = .002), pres-
ence of extranodal extension (p = .001), and HPV- and EBV-un-
related group status (p = .005) were significant factors for a poor 
prognosis. The presence of the basaloid pattern (p = .042) and 

p16 IHC positivity (p = .007) were significant prognostic factors 
for good outcomes. Sex, largest lymph node size, the presence of 
keratinization, cystic changes, lymphoepithelial lesions, and p53 
IHC positivity did not significantly affect the OS in the univar-
iate analysis (Table 3). 

In the multivariate analysis, long-term smoking (21–40 vs. 
≤ 20 pack-years, p = .014; > 40 vs. ≤ 20 pack-years, p = .038) and 
HPV- and EBV-unrelated group vs. HPV-related group status 
(hazard ratio, 13.238; 95% confidence interval, 1.427 to 122.820; 
p = .023) were significant prognostic factors for poor outcomes 
(Table 3).

Fig. 1. Cervical lymph node metastasis from an unknown primary tumor (CUP). Human papillomavirus (HPV)–related CUP shows a basaloid 
pattern (A) and is positive for p16 immunohistochemistry (B). Epstein-Barr virus (EBV)–related CUP (C) was confirmed by EBV in situ hybrid-
ization (ISH) (D). HPV- and EBV-unrelated CUP (E, F) was defined as cases that are negative for p16, HPV ISH, HPV real-time polymerase 
chain reaction, and EBV ISH results. (G) Cystic change in the HPV-related CUP. (H) Keratinization in the HPV- and EBV-unrelated CUP.
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The Kaplan-Meier survival curves also estimated that OS was 
significantly better in non-smokers or past smokers than in cur-
rent smokers (p = .018). Furthermore, groups who had smoked 
for < 20 pack-years, including non-smokers, showed the best OS, 
followed by those who had smoked for 21–40 pack-years, while 
those who had smoked for > 40 pack-years showed the worst 
OS (p = .003) (Fig. 2). However, in the analysis of individual 
groups, there was no significant OS difference in HPV-related 
CUP according to smoking status (non-smokers or past smokers 
vs. current smokers, p = .160) (non-smoker or < 20 vs. 21–40 
vs. > 40 pack-years, p = .340). Among HPV- and EBV-unrelated 
CUP cases, non-smokers or past smokers tended to show better 
OS times than current smokers, but there was no significant dif-
ference (p = .064). There was also no significant OS difference in 
smoking duration (non-smoker or < 20 vs. 21–40 vs. > 40 pack-
years, p = .400) among HPV- and EBV-unrelated CUP cases.

With the exception of HPV status, p16 alone was associated 
with a better OS (p = .002); however, there was no significant 
difference in OS between p53-positive and p53-negative pa-
tients (p = .875) (Fig. 2). The HPV-related CUP cases had the 
longest OS, and the HPV- and EBV-unrelated CUP patients had 
the worst prognosis, with a significant difference among the three 
groups (p = .004) (Fig. 3). 

Cervical metastasis with subsequent confirmation of the 
primary tumors 

Among the patients initially presenting with cervical metas-
tasis with unknown primary tumors, 64 cases were found at the 
primary sites. Primary tumors were most frequently found at 
the oropharynx (n = 25, 89.3%), followed by at the hypopharynx 
and nasopharynx (n = 5, 7.8%, each). There were four cases (6.3%) 
of the esophagus; three cases (4.7%) of the oral cavity; and one 
case each (1.6%) of the pharynx, not specified, retropharynx, lar-
ynx, anus, and uterine cervix. Among them, 28 cases (43.8%) 
were identified as HPV-related tumors through p16 IHC or HPV-
PCR tests. HPV-related primary tumors originated at the oro-
pharynx, pharynx, not specified, anus, and uterine cervix. There 
were three cases of EBV-related tumors confirmed by EBV ISH, 
and the primary sites of all cases were the nasopharynx (Table 4). 
There was no significant difference in OS among the three groups 
according to viral status (p = .073) (Fig. 3). Clinical and patho-
logic characteristics according to viral status are presented with 
detailed tables in Supplementary Table S1.

DISCUSSION

This is the first multicenter study in Korea on CUP and has 

Table 3. Univariate and multivariate analyses on overall survival in cervical metastasis from an unknown primary tumor

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (≥ 60 yr vs. < 60 yr) 13.532 (3.137–58.374) < .001 0.000 (0.000–5.590e128) .929
Sex (male vs. female) 0.878 (0.256–2.960) .825
Smoking (current smoker vs. non- or past smoker) 2.990 (1.152–7.760) .024 1.552 (0.209–11.545) .668
Smoking 
   Non-smoker, or 1–20 pack-years 1 (reference)
   21–40 pack-years 2.558 (0.894–7.315) .080 11.893 (1.638–86.333) .014
   > 40 pack-years 5.362 (1.852–15.525) .002 9.742 (1.131–83.944) .038
Lymph node size (cm) 1 (reference)
   ≤ 3.0 
   > 3.0, ≤ 6.0 1.471 (0.585–3.703) .412
   > 6.0 0.457 (0.060–3.506) .451
Keratinization (present vs. absent) 1.529 (0.634–3.683) .344
Cystic change (present vs. absent) 0.438 (0.169–1.138) .090
Basaloid pattern (present vs. absent) 0.375 (0.146–0.965) .042 3.130 (0.482–20.328) .898
Lymphoepithelial lesion (present vs. absent) 0.512 (0.172–1.527) .230
Extranodal extension (present vs. absent) 9.017 (2.509–32.412) .001 0.440 (0.055–3.488) .470
Group 
   HPV-related 1 (reference)
   EBV-related 6.608 (0.596–73.322) .124 1.213e7 (0.000–1.018e142) .918
   HPV and EBV-unrelated 8.078 (1.859–35.106) .005 13.238 (1.427–122.820) .023
p16 IHC (positive vs. negative) 0.135 (0.031–0.585) .007 -
p53 IHC (positive vs. negative) 0.930 (0.375–2.304) .875

HR, hazard ratio; CI, confidence interval; HPV, human papillomavirus; EBV, Epstein-Barr virus; IHC, immunohistochemistry.
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Fig. 2. Comparison of overall survival in cervical metastasis from an unknown primary tumor according to smoking status (A,B), smoking du-
ration (C, D), and p16 (E) and p53 (F).
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noted several important findings. First, HPV-related cases con-
stituted 38.9% of all CUP cases, which is approximately 10% 
lower than the frequency (49%) reported in a meta-analysis of 
17 studies [17]. Second, HPV-related CUP in Korea showed bet-
ter survival outcomes than HPV-unrelated CUP, per the studies 
in Western countries, including 978 cases in the United States 
[5] and 68 cases in the National Cancer Database [6]. Interest-
ingly, a previous Korean study [18] reported opposing findings, 
a finding which might have been attributed to the small num-
ber of cases. A multicenter study is considered to have merits of 
case collection and reduction of bias due to the hospital size. 

Although only 5 EBV-related CUP cases were analyzed in this 
study, virus-related CUP had a better prognosis than the virus-

unrelated group, and HPV-related CUP showed the best OS 
(p = .004) and a high NED status frequency (73.0%). Our results 
were consistent with the eighth edition of the AJCC staging sys-
tem that accepted the unique biologic behavior and natural his-
tory of EBV- and HPV-related tumors. In addition, our results 
supported a unique staging system for cervical lymphadenopa-
thy with an unknown primary tumor to apply to oropharynx and 
nasopharynx staging according to HPV and EBV status.

Characteristics of viral-related tumors were also well organized 
among CUP cases in Korea. HPV- and EBV-unrelated CUP cases 
showed the worst OS and a high DOD/DOC status frequency 
(37.0%, p = .011) among the three groups, with a high rate of 
extranodal extension (p = .046) and N staging (p = .001). HPV-

Table 4. HPV and EBV status of cervical metastasis with proven primary sites

Primary site (n = 64)
HPV-related

(n = 28, 43.8%)
EBV-related
(n = 3, 4.7%)

HPV & EBV-unrelated
(n = 10, 15.6%)

Not determined
(n = 23, 35.9%)

Oropharynx (n = 41, 64.1%) 25 (89.3) 0 1 (10) 15 (65.2)
Hypopharynx (n = 5, 7.8%) 0 0 1 (10) 4 (17.4)
Nasopharynx (n = 5, 7.8%) 0 3 (100) 1 (10) 1 (4.3)
Oral cavity (n = 3, 4.7%) 0 0 2 (20) 1 (4.3)
Pharynx, not specific (n = 2, 3.1%) 1 (3.6) 0 0 1 (4.3)
Retropharynx (n = 1, 1.6%) 0 0 0 1 (4.3)
Esophagus (n = 4, 6.3%) 0 0 4 (40) 0 
Larynx (n = 1, 1.6%) 0 0 1 (10) 0 
Anus (n = 1, 1.6%) 1 (3.6) 0 0 0 
Uterine cervix (n = 1, 1.6%) 1 (3.6) 0 0 0 

Values are presented as number (%).
HPV, human papillomavirus; EBV, Epstein-Barr virus.

Fig. 3. Comparison of overall survival according to viral status in cervical metastasis from an unknown primary tumor and cervical metastasis 
with proven primary sites. (A) The human papillomavirus (HPV)–related cervical metastasis from an unknown primary tumor (CUP) cases had 
the longest overall survival, and the HPV- and Epstein-Barr virus (EBV)–unrelated CUP patients had the worst prognosis, with a significant 
difference among the three groups. (B) In cervical metastasis with proven primary sites, there was no difference in overall survival according 
to viral status.
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related CUP patients were younger than HPV-unrelated CUP 
patients (p = .013), and their lymph nodes showed a higher fre-
quency of cystic changes (p = .016) and the basaloid pattern (p < 

.001) as seen in HPV-mediated oropharynx cancer. EBV-related 
CUP showed a high frequency of lymphoepithelial lesions (p = 

.010), as with nasopharynx cancer associated with EBV.
Dixon et al. [23] found no significant differences in OS (p = 

.85 and p = .42) and disease-free survival (p = .87 and p = .58) 
in CUP through the univariate analysis of smoking duration 
(≤ 10 vs. > 10 pack-years) and smoking status (current smoker 
vs. ex-smoker vs. never-smoker). Tribius et al. [7] found that a 
smoking history of > 10 pack-years showed a worse prognosis 
than that of ≤ 10 pack-years in HPV-DNA-positive and p16-
positive CUP. In addition, HPV-DNA–positive and p16-posi-
tive CUP with a smoking history of > 10 pack-years showed a 
similar survival curve to HPV-DNA–negative or p16-negative 
groups (p = .02) [7]. In our study, smoking duration was a sig-
nificantly worse prognostic factor for OS in the multivariate 
analysis of total CUP cases. The Kaplan-Meier survival curves 
also showed significant differences in OS according to smoking 
status (non-smokers or past smokers vs. current smokers, p = 

.018) and smoking duration (non-smoker or < 20 vs. 21–40 vs. 
> 40 pack-years, p = .003). However, there was no significant 
difference in OS in the HPV-related CUP or virus-unrelated 
CUP groups according to smoking status or duration. 

As a limitation of our study, HPV-related CUP was defined by 
three methods of RT-PCR, DNA ISH, and p16 IHC. RT-PCR 
is stable and reproducible. However, as the sensitivity is high, 
there is a possibility of contamination by surrounding HPV-in-
fected normal epithelium or other samples [24]. DNA ISH is 
widely used in research due to its low price but shows different 
sensitivity and specificity values according to the type of probe 
for the target HPV [25]. The Ventana system was used in this 
study, but even with Ventana, different performances were achieved 
[26,27] owing to the varying quality-control procedures, labo-
ratory experience, and techniques [28]. p16 positivity in IHC is 
used as a surrogate marker for high-risk HPV-associated tumori-
genesis because p16 can be overexpressed by the loss of inhibi-
tory feedback of the phosphorylated Rb protein, degradated by 
the E7 protein of high-risk HPV [29]. However, other processes, 
such as inflammation, regeneration, and TP53 mutation, con-
tribute to p16 overexpression [30,31]. The choice of one of the 
three methods varied across institutions and even within the same 
institution. In this study, 90.5% (19/21) of high-risk HPV-pos-
itive cases showed p16 overexpression, and 21.7% (13/60) of 
high-risk HPV-negative cases showed p16 overexpression. At 

Johns Hopkins Hospital, which routinely uses both the HPV 
DNA ISH test and p16 IHC, they found p16-positive/HPV-
DNA–negative cases in 18% of oropharyngeal squamous cell 
carcinoma [32], similar to the 16% identified in our study. They 
performed an additional RNA ISH assay for high-risk E6/E7 
mRNA and confirmed the presence of active transcriptional ac-
tive HPV in 84% of these cases. Judging from the characteris-
tics of each method and the results of this study, the cause of the 
discrepancy in the cases showing p16 overexpression but DNA 
ISH negativity may be due to the false-negative result of DNA 
ISH from the background signal or due to the overexpression of 
p16 by another non-viral mechanism. HPV type 16 infection 
and disruptive TP53 mutations did not seem to overlap, so HPV 
infection showed an inverse relationship with TP53 mutations 
[21,22]. This study showed no inverse relationship between p53 
and HPV infection. In this study, tumors showing nuclear stain-
ing in ≥ 10% of the tumor cells are considered positive for p53 
immunostaining. The reason for the cutoff of 10% was based on 
the analysis of multiple studies that found significant correlations 
between p53 overexpression and higher tumor grade [33,34], 
TP53 gene mutations [35-37], or worse prognosis [38,39] when 
the threshold was set at 10%. However, the p53 immunostain-
ing results in this study may not represent the entirety of the tu-
mor due to being performed in the TMA. Different interpreta-
tions of p53 positivity among institutions may have resulted in 
different results in previous studies. Additionally, > 10% of p53 
nuclear expression may not represent the TP53 mutation of the 
tumor with rarity in this study. We lacked enough follow-up 
data and scale because we could only secure OS data. Although 
this is a multicenter study, its statistical power to understand 
CUP remains insufficient due to the small collection of data, 
which is the peculiarity of the low incidence of this entity.

In conclusion, virus-unrelated CUP in Korea had the highest 
frequency among CUP cases. Virus-related CUP had a better 
prognosis than the virus-unrelated group, and patients with HPV-
related CUP showed the best OS. HPV-related CUP was similar 
to HPV-mediated oropharyngeal cancer and EBV-related CUP 
was similar to nasopharyngeal cancer in terms of clinicopatho-
logic characteristics. In total CUP cases, longer smoking dura-
tion and virus-unrelated CUP were significant factors for poor 
prognosis. 

Supplementary Information
The Data Supplement is available with this article at https://doi.org/10.4132/
jptm.2023.04.12. 
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Phosphatase and tensin homolog (PTEN) hamartoma tumor 
syndrome (PHTS) is a hereditary disorder caused by mutations 
in the PTEN tumor suppressor gene located on 10q23.3 [1]. It 
is a rare, autosomal dominant spectrum of disease, causing ham-
artomatous overgrowth of tissues in the thyroid, gastrointestinal 
tract, and skin. Patients with this disease are at increased risk of 
thyroid, breast, endometrial, renal, and possibly colorectal cancers 
[2-4]. PHTS includes Cowden syndrome (CS), Bannayan-Riley-
Ruvalcaba syndrome (BRRS), PTEN-related Proteus syndrome 
(PS), and Proteus-like syndrome. CS is the most common PTHS, 
usually presenting in young to middle-aged adults. Thyroid 
pathologic findings in patients with CS are distinctive and char-
acteristic [1,5,6]. Recognition of CS by a pathologist is critical 
for cancer screenings and genetic counseling. 

We encountered a patient who presented with unusual thyroid 
pathology, suspicious of CS. We aim to demonstrate that thyroid 
pathology can be a clue for diagnosing PHTS, including clinical 
and immunophenotypical features and molecular testing results. 
Our observations will aid pathologists and clinicians in properly 
diagnosing PHTS. 

CASE REPORT

A 52-year-old-woman visited our endocrinology clinic with 
multiple thyroid nodules. She had undergone a right lobectomy 
for benign nodules 30 years prior. She had remaining left mul-
tiple thyroid nodules diagnosed as nodular hyperplasia from fine-
needle aspiration cytology in 2005. She received ultrasonography 
(US) and computed tomography (CT) exams in 2021 to evaluate 
the surgical site for symptoms of neck swelling. The US revealed 
an enlarged left lobe with numerous iso- and hypoechoic nodules. 
Several nodules had cystic changes, while others were solid with 
well-defined margins and increased vascularity. The intermediate 
and low suspicion nodules measured up to 3.5 cm. In addition, 
the CT revealed multinodular masses in the left thyroid lobe, 
causing laryngotracheal airway displacement (Fig. 1A, B). The 
patient underwent a subsequent core needle biopsy on the 3.5 
cm-sized, intermediate suspicious mass in the left lobe. 

The core needle biopsy of the thyroid revealed monomorphic 
microfollicular cells with fibrous capsules. A follicular neoplasm 
was suspected, and a left thyroid gland lobectomy was performed. 
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The resected specimen of the left lobe was enlarged, measuring 
9 × 7 cm, and consisted of well-circumscribed nodular lesions 
(Fig. 2A). 

Grossly, multiple well-circumscribed tan nodular lesions with 
suspicious encapsulation and unencapsulated small nodules with 
calcification and infarction were identified. Adjacent to the nod-
ules, yellowish fatty components were present. The nodules were 
too numerous with inconspicuous margins to determine the ex-
act number. 

Microscopically, follicular adenomas with monomorphic mi-
crofollicular patterns of growth (Fig. 2B, C), numbering more 
than 20 up to 3.5 × 2.3 cm in size, were identified. They were 
well-demarcated with a fibrous capsule containing medium to 
large vessels. Capsular or vascular invasion was not observed. In 
addition, numerous adenomatous hyperplasias without a thin fi-
brous band were noted. A mixture of lipomatous metaplasia with 
mixed mature fat and follicles and chronic lymphocytic thyroid-
itis was characteristic (Fig. 2D, E). A 0.5-cm-sized lymphoepi-
thelial cyst composed of stratified squamous epithelium linings, 
lymphoid germinal centers, and luminal debris with cholesterol 
clefts was present in the background of the adjacent chronic lym-
phocytic thyroiditis (Fig. 2F). Based on these aspects, it was con-
sidered to exhibit hamartomatous morphology, and PHTS was 
suspected. According to the literature indicating PTEN staining 
for sensitive and specific detection of CS, PTEN immunohisto-
chemistry was performed. In addition, to exclude papillary thy-
roid carcinoma, the slides showing subtle nuclear atypia were 
subjected to HBME-1, CD56, cytokeratin 19, and galectin-3 
immunohistochemical staining. Small adenomatous nodules with 
mild nuclear atypia maintained CD56 expression and were neg-
ative for HBME1. Galectin-3 and cytokeratin 19 were focally 
expressed in areas of thyroiditis and fibrosis with calcifications, 

but were considered negative.
Proliferative thyroid lesions were all negative for PTEN pro-

teins, whereas the normal background thyroid tissue was posi-
tive (Fig. 3A, B). PTEN proteins in normal tissue and endothe-
lial cells within the tumor exhibited nuclear and cytoplasmic 
expression, but the loss of expression was observed in the follic-
ular adenoma components (Fig. 3C, D).

The immunohistochemistry result of PTEN was compatible 
with PTHS. Further examination of the patient’s history revealed 
a family history of uterine disease and thyroid cancer in her mother 
and aunt. Moreover, the patient had received sclerotherapy for an 
arteriovenous malformation in 2002, a hysterectomy for leiomy-
omas in 2011, a polypectomy for multiple gastric polyps, and an 
excisional biopsy of the breasts for intraductal papillomas in 2021. 
Reviewing her medical history, we found that the endometrial 
glands of the uterus specimen showed nuclear atypia, crowding, 
and complex architecture with loss of PTEN expression. Her 
breast specimen exhibited a PTEN loss within the intraductal 
papilloma. Under the recommendation of clinical correlation and 
genetic counseling for the PTHS, the patient underwent an addi-
tional endoscopy exam and skin biopsy. The patient had a lipoma 
in the proximal jejunum, fundic gland polyps in the stomach, and 
multiple facial plaques diagnosed as syringomas in her forehead. 

The next-generation sequencing analysis revealed a heterozy-
gous germline mutation in chromosome 10q23 (c.260_ 281de-
linsCATAT). A subsequent genetic analysis by polymerase chain 
reaction and direct sequencing revealed that the mutation in-
duces a frameshift and leads to a stop codon ending the transcrip-
tion process (p.Gln87Profs*14). The mRNA reference sequence 
was NM.000314.4. Therefore, the patient’s diagnosis was con-
firmed as PHTS.

A B

Fig. 1. Radiologic and core needle biopsy images of the thyroid. (A) Thyroid ultrasound image showing multiple hypoechoic solid nodules 
with well-defined margins. (B) Thyroid computed tomography revealing multinodular masses in the left thyroid lobe displacing the laryngotra-
cheal airway (arrow).
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DISCUSSION

PTEN encodes a tumor suppressor, a dual-specificity phos-
phatase that downregulates the anti-apoptotic/pro-proliferative 
phosphatidylinositol 3kinase/protein kinase B signaling path-
way, and the mitogen-activated kinase pathway [1,7]. Inactiva-

tion of PTEN occurs through frameshift mutations, inactivating 
missense mutations, and copy number losses, typically in exons 
5, 7, and 8 [4]. PHTS includes CS, BRRS, which is a congenital 
disorder characterized by macrocephaly [8] and PS, which is a 
hereditary disorder displaying characteristic hyperostosis [8]. 
Based on the clinical manifestations, our patient was suspected 

Fig. 2. Thyroid gross and histologic findings of Cowden syndrome. (A) Multiple well-circumscribed nodular lesions with suspicious encapsu-
lations (arrow) and yellowish fat components. (B) Follicular adenomas with a monomorphic microfollicular pattern of growth are identified and 
well-demarcated with a fibrous capsule. (C) Multiple microadenomas with or without a thin fibrous band (arrowheads). (D, E) Adenomatous nod-
ules, small to medium-sized adenomas with a microfollicular pattern, lipomatous metaplasia (arrows), and chronic lymphocytic thyroiditis are 
intermixed. (F) Multiple adenomatous hyperplasias and a lymphoepithelial cyst (arrow), considered a hamartomatous component, are noted.
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C
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of CS among PHTS.
According to the National Comprehensive Cancer Network 

guidelines for CS/PTHS, genetic testing can be recommended 
when a patient satisfies one major and more than three or four 
minor criteria (Table 1) [9]. Genetic testing was relevant for our 
patient as she had multiple gastrointestinal hamartomas and cu-
taneous facial papules among the major criteria, and a lipoma, 

thyroid structural lesions, and vascular anomaly meeting the mi-
nor criteria. Mucocutaneous lesions are present in 90% to 100% 
of CS cases [1,4,6], and cutaneous lesions are usually the first 
signs of the disease [4,10], with facial papules being the most 
frequent lesions [4]. 

Thyroid nodules, adenomas, and goiters have been reported 
in 30% to 68% of adults and 2% to 14% of children with PTEN 

Table 1. Cowden syndrome/PTHS testing criteria (NCCN Guidelines version 3.2019) [9]

Major criteria Minor criteriaa

Breast cancer Autism spectrum disorder
Endometrial cancer Colon cancer
Follicular thyroid cancer ≥ 3 esophageal glycogenic acanthoses
Multiple GI hamartomas or ganglioneuromas Lipomas
Macrocephaly Intellectual disability
Macular pigmentation of the glans penis Papillary or follicular variant of papillary thyroid cancer
Mucocutaneous lesions Thyroid structural lesions (e.g., Adenoma, nodules, goiter)
   One biopsy-proven trichilemmoma
   Multiple palmoplantar keratoses Renal cell carcinoma
   Multifocal or extensive oral mucosal papillomatosis Single GI hamartoma or ganglioneuroma
   Multiple cutaneous facial papules Testicular lipomatosis

Vascular anomalies (including multiple intracranial developmental venous anomalies)

PHTS, phosphatase and tensin homolog hamartoma tumor syndrome; NCCN, National Comprehensive Cancer Network; GI, gastrointestinal.
aInsufficient evidence exists in the literature to include fibrocystic disease of the breast, fibromas, and uterine fibroids as diagnostic criteria. 

A

C

B

D

Fig. 3. Phosphatase and tensin homolog (PTEN) immunohistochemistry. (A) A low-magnification image showing heterogeneous PTEN ex-
pression between normal tissue and proliferative lesions (asterisks). (B) The contrast of PTEN expression in the left upper area and PTEN 
loss in the right lower area. (C) Nuclear and cytoplasmic expression of PTEN identified in several normal areas. (D) Loss of expression of 
PTEN with positive vascular endothelial cells representing the internal control.
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mutations [2,11,12]. Several studies have provided detailed de-
scriptions of the clinical features and pathology of thyroid nod-
ules in PTEN mutation carriers [2]. Harach et al. [5] were the 
first to note the histologic findings of multiple adenomatous goi-
ters and multiple follicular adenomas, including adenolipomas, 
particularly in children and young adults, should alert clinicians 
to the possibility of CS [1]. In a pathologic study evaluating thy-
roidectomy specimens from patients with CS and BRRS, Laury 
et al. [6] observed that multiple adenomatous nodules were the 
most common finding (75%), followed by papillary thyroid car-
cinomas (60%), lymphocytic thyroiditis (55%), C-cell hyperpla-
sia (55%), and follicular carcinoma (25%) [13]. For the diagnos-
tic criteria of PHTS, only follicular thyroid cancer is specified as 
a major criterion because it appears to be over-represented in 
mutation carriers (25%) compared with the general population 
(15%) [2]. 

Thyroid lesions in patients with CS mainly manifest in females 
and present at a younger age (mean diagnosis age, 33.7 years) 
compared to sporadic thyroid nodules [14]. Grossly, solid yellow-
tan thyroid nodules are identified with variations in size and num-
ber. Specifically, the thyroid nodules in CS do not present with 
abundant colloids as seen in sporadic goiters. Microscopically, the 
nodules are well-delineated, with no, partial, or complete encap-
sulation and variable growth patterns. The nodules present with 
microscopic features of follicular adenomas, cellular hyperplastic 
nodules, adenolipomas or lipomatous metaplasias, Hurthle cell 
or clear cell nodules, C-cell hyperplasia, papillary microcarcino-
mas, or follicular carcinoma in the background of chronic lym-
phocytic thyroiditis. The adenomatous nodules have a microfol-
licular architecture composed of small cellular follicles without 
a capsule. Meanwhile, follicular adenomas present with a well-
defined fibrous capsule and possess an architectural pattern that 
differs from the surrounding thyroid tissue without capsular or 
vascular invasion. While these thyroid pathologic findings are 
not specific to CS patients [13], PTEN immunohistochemistry 
can be helpful for the identification of CS. PTEN immunohis-
tochemical staining shows a complete or heterogeneous loss in 
adenomatous nodules, specifically in CS patients.

Although CS has a reported incidence of 1 in 200,000 [15], it 
seems that the prevalence has been underestimated because of the 
complex clinical criteria and non-specific manifestations that are 
similar to those found in the general population. However, the 
diagnosis of CS is essential because these patients have an increased 
cancer risk [13]. The projected estimated lifetime risks of cancer 
in individuals with PTHS range from 85%–89% for any cancer, 
67%–85% for female breast cancer, 6%–38% for thyroid can-

cer, 2%–28% for endometrial cancer, 2%–34% for renal cancer, 
and 9%–20% for colorectal cancer [16-19]. The characteristic 
thyroid pathology and PTEN immunohistochemistry are indica-
tors of PHTS, diagnosis of which is crucial for initiation of can-
cer screenings and genetic counseling. 

To summarize, we report a case of a patient who presented 
with unusual thyroid pathology, exhibiting numerous follicular 
adenomas, adenomatous nodules with cellular and microfollicu-
lar proliferations intermixed with lipomatous metaplasia, and 
lymphocytic thyroiditis. The patient was diagnosed with PTHS 
based on the loss of PTEN immunohistochemical staining not 
only in the thyroid specimen but also in the breast and uterus 
specimens, and the diagnosis was confirmed by the molecular 
study. This case indicates the importance of recognizing the thy-
roid histologic findings of PTHS to suspect CS.
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cent probe can then be assessed in situ using a 
fluorescence microscope. Dual-color dual-fusion 
probes are designed towards a particular gene 
fusion target, while dual-color break-apart probes 
have greater utility for gene fusions in which the 
partner may not be known (e.g. EWSR1). Large 
gene amplifications and deletions may also be 
detected by comparing the ratio of lost target 
signals to a control signal (e.g. MDM2).

Reverse-transcriptase polymerase 
chain reaction (RT-PCR)
PCR-based tests utilize PCR amplification of 
certain primer sequences that can be built to 
accommodate a set of gene rearrangements. This 
is particularly useful for larger panels that use 
known genetic breakpoints, but this method 
generally lacks the ability to detect new fusion 
partners.

Next-generation sequencing (NGS)
NGS has become standard for detection of both 
prognostic and therapeutic mutations. In 
sarcoma, new RNA-based methods, including 
hybrid-capture and anchored multiplex PCR, 
offer better detection for gene rearrangements. 
These methods have the added benefit of detect-
ing new gene partners, which is particularly 
useful with promiscuous genes like EWSR1. The 
development of various commercial platforms for 
NGS fusion testing has significantly increased the 
availability of this test to pathologists. Addition-
ally, tertiary institutions with large sample 
volume in bone and soft tissue pathology may 
opt to bring these methods in-house to improve 
turnaround times.

Methylation testing
Initially developed for usage in the diagnosis of 
brain tumors, methylation testing has expanded 
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Abstract
Our understanding of bone and soft tissue tumors 
has thoroughly evolved as a consequence of 
modern molecular techniques. DNA and RNA 
sequencing methods play an important diagnos-
tic and therapeutic role in sarcoma pathology. 
Herein, we discuss current guidelines and best 
practices for molecular testing in bone and soft 
tissue tumors.

COMMON MOLECULAR 
METHODS

While translocation driver events are very rare in 
epithelial malignancies, they occur in up to 25% 
of sarcomas. As a result, molecular techniques for 
identifying recurrent translocations currently play 
an important diagnostic role in bone and soft 
tissue pathology.

Fluorescence in-situ hybridization 
(FISH)
FISH uses a fluorescently labeled probe targeted 
towards a specific genetic sequence. The fluores-

to begin to include soft tissue and bone tumors. 
Methylation tests use an array chip to detect the 
methylation patterns of thousands of CpG islands 
to produce a “signature” for a particular tumor. 
Through statistical methods, these signatures can 
be clustered into groups of similar tumors, 
providing a tentative “cell of origin” diagnosis 
(Fig. 1). While still in its infancy, methylation 
has great potential for future diagnostics in soft 
tissue and bone.

TESTING GUIDELINES FOR 
SPECIFIC TUMOR CLASSES

The constantly growing number of translocation-
driven soft tissue and bone tumors in the litera-
ture necessitates judicious use of diagnostic 
genetic testing. By employing a morphology-
based approach, pathologists can triage mesen-
chymal neoplasms for both diagnostic and 
therapeutic testing. The following review takes a 
“line of differentiation” approach to decide on 
appropriate testing strategies.

Adipocytic
•  MDM2 amplification is the key differentiating 

factor between lipoma and well-differentiated/
dedifferentiated liposarcoma (Fig. 2). MDM2 
amplification may also rarely be seen in other 
high-grade sarcomas; as such, caution is 
warranted when interpreting this finding 
without the presence of a well-differentiated 
liposarcoma component.

•  RB1 deletion (tested by loss of RB1 on immu-
nostaining or NGS) is pathognomonic for 
spindle cell/pleomorphic lipoma and may be 
seen in about 50% of atypical spindle cell/
pleomorphic lipomatous tumor.

•  Myxoid liposarcoma is driven by translocations 
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involving DDIT3, most commonly with FUS. 
These tumors show a distinct myxoid back-
ground, chicken-wire capillary architecture, 
and univacuolated lipoblasts. High-grade 
variants show round cell features.

Fibroblastic/myofibroblastic
•  Nodular fasciitis and similar disorganized, 

myxocollagenous, variably cellular fibroblastic/
myofibroblastic neoplasms with or without 
reactive bone formation (including myositis 
ossificans, fibro-osseous pseudotumor of the 
digit, aneurysmal bone cyst, and a subset of 

fibroma of tendon sheath), form a growing 
spectrum of tumors that are defined by USP6 
gene rearrangements with multiple different 
partners (Fig. 3).

•  As in spindle cell lipoma, RB1 loss is a defining 
feature in both cellular angiofibroma and 
myofibroblastoma. These tumors have some 
overlapping histologic and immunophenotypic 
features in addition to the same genetics, so 
distinction relies on a combination of clinical 
history and pathologic features.

•  Translocation-associated fibroblastic neoplasms 
are typically benign to low-grade neoplasms 
with monotonous cytology and characteristic 
architectural features. An NGS panel can 
confirm the diagnosis, though this is often not 
required because the morphology is typical and 
molecular analogue immunohistochemical 
(IHC) stains exist for many of these tumors 
with relatively high sensitivity and specificity.

  -  Solitary fibrous tumor: NAB2::STAT6 fusion; 
prominent collagenous background and 
staghorn vasculature.

  -  Dermatofibrosarcoma protuberans: 
COL1A1::PDGFB fusion; dermal tumor with 
diffuse storiform architecture and honeycomb/
septal infiltration into fat. Fibrosarcomatous 
transformation can mask the storiform 
architecture and gives the tumor metastatic 

potential.
  -  Inflammatory myofibroblastic tumor: ALK 

rearrangement; bland myofibroblastic prolif-
eration with prominent mixed inflammatory 
infiltrate. Malignant versions exist, often with 
more epithelioid morphology.

  -  Low-grade fibromyxoid sarcoma/sclerosing 
epithelioid fibrosarcoma: FUS or EWSR1 
rearrangement, usually with CREB3L2 or 
CREB3L1; cellular spindle cell neoplasm with 
mixed collagenous and myxoid features 
(low-grade fibromyxoid sarcoma) or sclerotic 
tumor with bland epithelioid cytology 
(sclerosing epithelioid fibrosarcoma). Addi-
tional fusions involving KMT2A and YAP1 
that show similar morphological features to 
sclerosing epithelioid fibrosarcoma have been 
found.

  -  EWSR1::SMAD3-positive fibroblastic tumor: 
EWSR1::SMAD3 fusion; newly described 
fascicular, bland spindle cell proliferation with 
distinct zonation (hypocellular central region 
and increased peripheral cellularity) with ERG 
IHC positivity.

  -  Superficial CD34-positive fibroblastic tumor: 
PRDM10 rearrangements; low-grade fascicu-
lar proliferation of spindle cells with marked 
nuclear pleomorphism.

Fig. 1. A t-distributed stochastic neighbor embedding (t-SNE) plot is a visualization method used in clinical laboratories to show the aggregate methylation data of a tu-
mor. Each dot represents a single tumor and the closeness of the dots represents similarity in their methylation profiles. From this, a classification scheme can be created. 
Each cluster represents a separate tumor type. In this example case, the black dot is the current tumor and is clustering near the category of MYOD1-mutated rhabdo-
myosarcoma.

Fig. 2. MDM2 amplification, seen here as an increase 
in red fluorescent probe signals, is a hallmark of cer-
tain cancers. The prototypical example is well-differ-
entiated/dedifferentiated liposarcoma.



186

186     https://doi.org/10.4132/jptm.2023.03.20

Vascular
•  Fusion testing is not required but helpful in the 

diagnosis, particularly in the case of the 
low-grade malignancies and hemangioendothe-
liomas.

•  Epithelioid hemangioma is defined by recur-
rent fusions involving FOS and FOSB. Fusion 
testing is not required but can be useful in 
more cellular cases with atypical cytologic 
features.

•  Epithelioid hemangioendothelioma: 
WWTR1::CAMTA1 fusion or rarely 
TFE3::YAP1 fusion; these malignant tumors 
show more primitive vascular differentiation, 
epithelioid morphology, intracytoplasmic 
lumens, and a distinct myxohyaline stroma that 
distinguishes them from epithelioid angiosar-
coma. The CAMTA1 fusion or IHC stain may 
be used to confirm the diagnosis.

•  Pseudomyogenic hemangioendothelioma: 
FOSB gene fusions, usually with SERPINE1 or 
ACTB; histologically, shows a rhabdomyoblas-
tic-like appearance but stains for keratins and 
vascular markers.

•  Angiosarcoma, like other high-grade sarcomas, 
shows complex genomic changes. The presence 
of MYC gene amplifications (tested by IHC, 
FISH, or NGS) is seen in most cases of post-
irradiation or lymphedema-associated angiosar-
coma. This finding is very useful in distin-
guishing post-irradiation atypical vascular 
lesions from true angiosarcoma.

Pericytic and smooth muscle
•  While the diagnosis of glomus tumors is gener-

ally based on morphology, examples of deep, 
gastrointestinal, or malignant glomus tumors 
may confound the diagnosis. Most glomus 
tumors (including malignant variants) show 
recurrent fusions involving the NOTCH family 
of genes, most commonly 
MIR143::NOTCH1/2/3.

•  Distinct from classical leiomyosarcoma, 
inflammatory leiomyosarcoma is a low-grade 
malignancy that has been shown to have a 
recurrent karyotypic pattern that is best seen on 
mRNA microarray technology, such as 
OncoScan™. These neoplasms show a near-
haploid genotype that is thought to be a relevant 
driver of the disease process. Some tumors may 
show whole genome duplication afterwards, 
resulting in a pseudo-hyperdiploid karyotype 
that may signal transformation to a higher-grade 
malignancy. Recent studies have demonstrated a 
number of cases with rhabdomyoblastic IHC 
staining, and new terminology (inflammatory 
rhabdomyoblastic tumor) has been suggested.

Skeletal muscle
•  Molecular testing in rhabdomyoblastic tumors 

is best utilized in the differentiation of embryo-
nal and alveolar rhabdomyosarcoma. Both 
tumors may have a solid small round blue cell 
morphology and skeletal muscle staining with 
IHC. Myogenin IHC tends to be more diffuse 
in alveolar rhabdomyosarcoma; however, 
definitive diagnosis requires molecular detec-

Fig. 3. New NGS methods are highly sensitive and specific for translocations and can also be used to detect new fusions with previously undescribed partners. This ex-
ample shows the readout from the NGS software demonstrating a fusion of the USP6 gene with the SERPINF1 gene in a case of nodular fasciitis.

tion of the typical FOXO1 fusion with either 
PAX3 or PAX7 in alveolar rhabdomyosarcoma. 
Embryonal rhabdomyosarcoma may show 
recurrent mutations in the RAS family of genes 
or DICER1 in some syndromic patients. The 
distinction between the alveolar and embryonal 
subtypes is necessary because of the variation in 
prognosis and treatment.

•  Spindle cell rhabdomyosarcoma falls into three 
distinct molecular groupings. Congenital and 
infantile tumors are most often translocation-
driven, with fusions involving VGLL2, SRF, 
READ1, NCOA2, and CITED2. Another 
subset of tumors in adolescents and young 
adults shows mutations in the MYOD1 gene. 
The third category does not have recurrent 
genetic abnormalities. Additionally, some intra-
osseous variants may show EWSR1, FUS, or 
MEIS1::NCOA2 rearrangements.

Gastrointestinal stromal tumor (GIST)
•  All GISTs should be tested for mutational 

status, as these mutations predict response to 
treatment and prognosis.

•  Mutations most commonly occur in KIT (exons 
9, 11, 13, 14, or 17) and second most com-
monly in PDGFRA (exons 12, 14, and 18).

•  Immunostaining for cKIT (CD117) does not 
imply the presence of a KIT mutation.

•  SDH-deficient GISTs are negative for KIT and 
PDGFRA mutations and show mutations in 
SDHA, SDHB, SDHC, or SDHD. These 
mutations are typically screened by assessing 
for loss of SDHB IHC staining, which picks up 
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Table 1. Ewing and Ewing-like round cell sarcomas

Category Molecular abnormalities

Classic Ewing sarcoma and Ewing family tumors EWSR1::FL1
EWSR1::ERG
EWSR1::FEV
EWSR1::ETV1
ESWR1::ETV4
FUS::ERG
FUS::FEV

CIC-rearranged sarcoma CIC::DUX4
CIC::FOXO4
CIC::LEUTX
CIC::NUTM1
CIC::NUTM2B

BCOR-rearranged sarcoma BCOR::CCNB3
BCOR internal tandem duplication
BCOR::MAML3

GLI1-altered sarcoma GLI1::MALAT1
GLI1::ACTB
GLI1 amplifications or other rearrangements

Non-Ewing family gene fusions EWSR1::PATZ1
EWSR1::NFATC2
EWSR1::SP3
EWSR1::SMARCA5

Unclassified round cell sarcoma Fusion negative or unknown

mutations in any of the four genes. SDH-
deficient GISTs are more common in younger 
patients in the stomach.

•  Some GISTs will instead show mutations in 
RAS family genes.

•  A small proportion of GISTs may be negative 
for all four of these mutations, called quadruple 
wild-type GIST.

Uncertain differentiation and round cell 
tumors
•  Undifferentiated round to spindle cell tumors 

and those with monomorphic cytology should 
be considered for large panel NGS fusion 
testing. IHC has been found to show much 
overlap in this category of tumors, and NGS 
testing offers the ability to pick up non-classical 
examples as well as discover new fusion 
partners.

•  Currently, Ewing and Ewing-like round cell 
sarcomas can be split into six overall categories 
(Table 1). New fusion partners continue to be 
discovered, and the particular fusion may affect 
treatment and prognosis. 
Certain neoplasms show bi-immunophenotypic 
staining patterns that may lead to confusion. 
Molecular testing can be confirmatory.

  -  Angiomatoid fibrous histiocytoma: 
EWSR1::ATF1, FUS::ATF1, or 
EWSR1::CREB1; a low-grade malignancy 
with EMA and desmin co-positivity and 
prominent lymphoid cuffing.

  -  Ossifying fibromyxoid tumor: Most commonly 
PHF1 rearrangements (50% of cases), rarely 
rearrangements in BCOR or SUZ12, suggest-
ing a genetic overlap with endometrial stromal 
sarcoma; low-grade malignancy with promi-
nent peritumoral metaplastic bone formation 

and often co-positivity for keratins, S100, or 
desmin.

  -  Myoepithelial neoplasms of soft tissue: EWSR1 
or FUS rearrangements with several different 
partners; keratin and S100 co-positivity with 
myxoid to myxocollagenous background and 
bland round to spindled cells. INI1 is lost in a 
subset. These tumors show different genetics 
to salivary gland myoepithelial neoplasms, 
which are often governed by PLAG1 rear-
rangements.

  -  Extraskeletal myxoid chondrosarcoma: NR4A3 
rearrangement, most commonly with EWSR1. 
Keratin, S100, neuroendocrine, or myoepithe-
lial markers may be nonspecifically positive. 
Morphologic and immunophenotypic overlap 
with myoepithelial neoplasms may cause 
diagnostic difficulty, and because of the 
presence of EWSR1 as a partner in both, NGS 
testing is recommended to assess the partner 
gene to distinguish these two.

•  Phosphaturic mesenchymal tumor: in patients 
with clinical evidence of hypophosphatemia 
and/or osteomalacia, serum testing may be 
performed for increased FGF23 secretion. Most 
of these tumors show fusions involving 
FN1::FGFR1 or FN1::FGF1.

•  NTRK gene rearrangements have been seen in 
an increasing spectrum of mesenchymal 
tumors. The prototypical infantile fibrosarcoma 
is defined by ETV6::NTRK3. However, NTRK 
fusions have now been seen in cellular meso-
blastic nephroma as well as various myxoid soft 
tissue tumors with bland cytology and possible 
co-positivity for S100 and CD34, including 
lipofibromatosis-like neural tumor. Some 
uterine and soft tissue neoplasms with fibrosar-
coma-like morphology also define a new subset 
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of NTRK-rearranged sarcomas.
•  A subset of PEComa is driven by rearrangements 

in TFE3; often not required for the diagnosis, 
as the combination of myogenic and melano-
cytic markers is specific enough in most 
instances to diagnose PEComa.

•  Recent studies have shown that the majority of 
true intimal sarcomas show amplifications in 
MDM2, similar to well/dedifferentiated 
liposarcoma. Intimal sarcoma may have variable 
differentiation and immunostaining. The 
presence of a luminal mass in the pulmonary or 
cardiac vasculature should prompt FISH testing 
for MDM2 to confirm the diagnosis.

Bone and cartilage
•  The diagnosis of primary bone lesions is still 

based most heavily on the morphology coupled 
with the radiological imaging.

•  Some distinct exceptions where molecular 
testing can be diagnostically useful:

  -  Aneurysmal bone cyst: USP6 gene rearrange-
ments; cystic, giant cell-rich neoplasm with 
reactive woven bone formation.

  -  Low-grade central osteosarcoma/parosteal 
osteosarcoma: MDM2 amplifications; low-
grade osteoblastic tumors that, similar to 
well-differentiated liposarcoma, have potential 
to dedifferentiate. MDM2 testing by FISH can 
help to distinguish from reactive or benign 
bone-forming tumors.

  -  Giant cell tumor of bone/chondroblastoma: 
both show unique and specific mutations in 
H3F3A or H3F3B. IHC testing is useful as a 
molecular adjunct.

  -  Conventional chondrosarcoma: IDH1 or IDH2 
mutations in a subset of chondrosarcoma; can 
be diagnostically useful in small biopsies and 
dedifferentiated examples.

  -  Mesenchymal chondrosarcoma: 
HEY1::NCOA2 fusion; small round blue cell 
sarcoma with cartilaginous maturation.
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