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ORIGINAL ARTICLE

Inflammation and tissue remodeling contribute to fibrogenesis
in stricturing Crohn’s disease: image processing and analysis study
Mustafa Erdem Arslan1, Rupinder Brar1, Lianna Goetz2, Dipti Karamchandani2,3,
Michael W. Mikula4, Kyle Hodge5, Hua Li1, Sangtae Ahn6, Hwajeong Lee1
Department of Pathology, Albany Medical Center, Albany, NY;
Division of Anatomic Pathology, Department of Pathology, Penn State Health Milton S. Hershey Medical Center, Hershey, PA;
3
Division of Pathology, University of Texas Southwestern Medical Center, Dallas, TX;
4
Department of Pathology, Johns Hopkins Hospital, Baltimore, MD;
5
Albany Medical College, Albany, NY;
6
GE Global Research, Niskayuna, NY, USA
1

2

Background: Inflammation and structural remodeling may contribute to fibrogenesis in Crohn’s disease (CD). We quantified the immunoexpression of calretinin, CD34, and calprotectin as a surrogate for mucosal innervation, telocytes (interstitial cells playing a role in
networking), and inflammation, respectively, and correlated them with bowel alterations in stricturing CD. Methods: Primary resection
specimens for ileal CD (n = 44, 31 stricturing CD, 13 inflammatory CD) were identified. Left-sided ulcerative colitis and trauma cases
were used as controls. Proximal and distal margin and middle (diseased) sections were stained for calretinin, CD34, and calprotectin.
Microscopic images were captured from the mucosa (calretinin), submucosa (calprotectin), and myenteric plexus (CD34), and the immunostaining was quantified using image processing and analysis. Bowel thickness at the corresponding sections were measured
and correlated with the amount of immunoexpression. Results: A total of 2,037 images were analyzed. In stricturing CD, submucosal
alteration/thickening at the stricture site correlated with calprotectin staining and inversely correlated with calretinin staining at the
proximal margin. Muscularis propria alteration/thickening at the stricture site correlated with mucosal calretinin staining at the proximal margin. Submucosal alteration/thickening at the proximal margin correlated with calretinin and CD34 staining at the proximal margin and inversely correlated with CD34 staining at the stricture site. Calretinin immunostaining at the distal margin was significantly
higher in stricturing CD than the controls. Conclusions: Inflammation and tissue remodeling appear to contribute to fibrogenesis in
stricturing CD. Increased mucosal calretinin immunostaining distal to the diseased segment could be helpful in diagnosing CD in the
right clinical context.
Key Words: Crohn’s disease; Stricture; Fibrosis; Telocyte; Calretinin; Calprotectin
Received: January 5, 2022 Revised: April 24, 2022 Accepted: May 18, 2022
Corresponding Author: Hwajeong Lee, MD, Department of Pathology, Albany Medical Center, 47 New Scotland Ave., MC81, Albany, NY 12208, USA
Tel: +1-518-262-6254, Fax: +1-518-262-3663, E-mail: LeeH5@amc.edu

Crohn’s disease (CD), a form of idiopathic inflammatory bowel
disease (IBD), has an estimated annual incidence of 3.1 to 20.2
per 100,000, and a prevalence of 201 per 100,000 in North
America [1,2]. Based on its clinical behavior, CD is classified as
B1 (non-stricturing, non-penetrating), B2 (stricturing) and B3
(penetrating) [3-5]. While most CD patients initially present as
B1, they can have more than one phenotype, and clinical behavior may change over time [4]; i.e., a patient with B1 phenotype
may develop strictures and or fistula during the disease course
and subsequently be re-classified as having a B2 or B3 phenotype [6,7]. Eventually, about 70% of CD patients develop stenosis
pISSN 2383-7837
eISSN 2383-7845

or fistula [7]. Stricture is the most common indication for surgery in CD [8].
The progression of fibrosis and eventual stricture formation is
a significant disease burden requiring escalation of medical
treatment or surgical intervention in CD. Although many factors,
such as genetic, epigenetic, serological, clinical, environmental,
and endoscopic factors are postulated to portend an increased risk
for fibrosis progression, its pathogenesis is relatively poorly understood [5,9,10]. Moreover, most of the pathological studies using
formalin-fixed paraffin-embedded (FFPE) tissue are limited to
morphological evaluation on routine hematoxylin and eosin (H&E)

© 2022 The Korean Society of Pathologists/The Korean Society for Cytopathology
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stain. Alterations in extracellular matrix have been rarely addressed [11].
Previous studies have suggested that inflammation and mesenchymal components, at least in part, play a role in the fibrogenesis of CD [5,9,12,13]. Fecal calprotectin is a well-established
non-invasive measure of inflammation and disease activity in
IBD [14,15]. Telocytes are recently described interstitial cells
that are involved in the fibrogenesis of CD and can be highlighted by CD34 immunohistochemistry [16-18]. Calretinin
immunohistochemistry highlights mucosal innervation in ganglionated bowel. Image processing and analysis has been utilized
in recent studies of Hirschsprung disease wherein the amount of
mucosal calretinin immunostaining was quantified by counting
the pixels with immunostaining [19-21].
We quantified the immunohistochemical expression of calretinin, CD34, and calprotectin as a surrogate marker for mucosal innervation, telocytes, and inflammation, respectively, and
correlated them with bowel thickness in resected bowel specimens
with stricturing CD. In order to definitively discern the proximal
and distal margins and given that CD-associated stricture is most
commonly seen in the terminal ileum [22], only ileocecal resections were studied. Our goal was to elucidate the interactions
between mucosal innervation, telocytes and inflammation leading
to the progression of fibrosis in stricturing CD using FFPE samples and the image processing and analysis.

left-sided ulcerative colitis (n = 16), ileocecal resections for trauma
(n = 3) and a completion right hemicolectomy following previous
polypectomy (n = 1) were used as controls wherein uninflamed
terminal ileal sections and uninflamed proximal right colon sections were used as surrogates for proximal and distal margins,
respectively.
Bowel thickness measurement and immunohistochemistry
in CD

For CD cases, the bowel thickness excluding the mucosa was
measured microscopically. The submucosal (SM) and muscularis
propria (MP) thickness was measured from the H&E slides of
the sections that were chosen for immunohistochemistry. SM, MP,
the ratio (SM divided by MP; SM/MP), and the proportion of
SM and MP relative to combined thickness (SM and MP divided
by SM + MP; SM/[SM + MP] and MP/[SM + MP]) were recorded
for analysis. Immunohistochemistry for calretinin, CD34, calprotectin and CD31 was performed on 5-μm-thick tissue sections taken from representative FFPE tissue blocks on a Ventana
Benchmark Ultra using the OptiView DAB detection kit (Ventana Medical Systems, Inc., Tucson, AZ, USA). Mucosal calretinin immunostaining is oftentimes obscured by inflammation
and tissue damage; therefore, calretinin stain was not performed
on the middle section of CD (Fig. 1, Supplementary Table S1).
Image capture, processing, and analysis

MATERIALS AND METHODS
Study and control groups

The pathology database was searched for primary ileocecal resection specimens for ileal CD. Clinical data including indication
for surgery, age, gender as well as clinical, endoscopic or histologic
evidence of recurrence within 1 year following resection (early
recurrence) and by the end of the follow-up were obtained from
the electronic medical records. Colonic CD, re-excision of anastomosis for recurrent CD, and pure fistulating CD without stricture were excluded. Cases were further divided into stricturing CD
and inflammatory CD based on clinical history, imaging findings,
and indication for surgery.
Archived H&E slides of cases were retrieved and resection
margins were reviewed. As mucosal calretinin immunostaining
can be obscured by inflammation, all cases with inflamed margins were further excluded from this study. Sections of uninflamed
proximal (ileum) and distal (cecum or proximal right colon) margins and the mid-sections (i.e., one with the most severe fibrosis)
were selected for immunohistochemistry. Total colectomies for
https://jpatholtm.org/

Up to six static microscopic images were captured from immunostained slides at × 200 magnification per slide in JPEG format (Olympus cellSens Entry, Life Science Solutions, Waltham,
MA, USA). The images were captured from the mucosa for calretinin, submucosa for calprotectin and from the myenteric plexus
for CD34. No images were captured from CD31-immunostained slides. Pixel count (PC) was defined as the percentage of
immunostained pixels out of the total number of pixels in an
image. PC for calretinin (PC-calr), CD34 (PC-CD34), and calprotectin (PC-calp) were calculated using Image Processing and
Analysis (MATLAB) as previously described [19-21].
Data analysis

Pearson’s correlation tests were performed for the SM and MP
thickness and the ratios to test whether these parameters can be
interchangeably used to represent submucosal and muscularis
propria alteration/thickness. The mean PC for captured images
was calculated for each slide and designated as location (proximal/
mid/distal)-PC (pixel count)–stain (calr/CD34/calp). For example,
“proximal-PC-calr” indicates PC of calretinin immunostaining
https://doi.org/10.4132/jptm.2022.05.18
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at the proximal margin section. In CD, proximal-PC-calr and the
ratio between proximal and distal-PC-calr (proximal/distal-PCcalr) were correlated using Pearson’s correlation test to determine
whether these two parameters can be interchangeably used as a
measure of mucosal calretinin immunostaining at the proximal
margin. Similarly, proximal-PC-CD34 and the ratio between
proximal and mid-PC-CD34 (proximal/mid-PC-CD34) were
correlated. For mid-PC-CD34 and mid-PC-calprotectin, the
highest PC (mid-PC-CD34-hotspot and mid-PC-calp-hotspot)
of the PCs of a given slide was determined and was correlated
with the mid-PC-CD34 and mid-PC-calp using Pearson’s correlation test. These PC parameters were correlated with the parameters of bowel alteration/thickness (SM, MP, SM/MP, SM/[SM +
MP], and MP/[SM + MP]) at the proximal margin, mid-section,
and distal margin. The last analysis was repeated for stricturing
and inflammatory CD subgroups. It was again repeated to compare CD with and without early recurrence, and CD with and
without recurrence by the end of the follow-up period. In the
controls, proximal-PC-calr/CD34/calp (ileal section) and distalPC-calr/CD34/calp (proximal right colon section) were compared
with those in CD and the CD subgroups. A p-value < .05 was
considered statistically significant.

RESULTS
Study and control groups

A total of 44 ileal CD with uninflamed margin sections were
identified. Thirty-one were stricturing and 13 were inflammatory
CD. The mean age of the patients was 34 years (range, 12 to 65
years). The male-to-female ratio was 17:27.
The indication for surgery was stricture/obstruction for the
stricturing CD. Five patients had concurrent fistula. For inflammatory CD, the indication for surgery was medical refractoriness
or abscess formation. No patient had concurrent fistula in the inflammatory CD subgroup.
The control group consisted of 16 total colectomies for leftsided ulcerative colitis, three ileocecal resections for trauma and
one case of completion right hemicolectomy following polypectomy. The mean age of the control group patients was 36 years
(range, 9 to 60 years). The male-to-female ratio was 13:7.
Postoperative recurrence in CD

A postoperative follow-up of more than 1 year was available
in 33 patients (24 stricturing, 9 inflammatory CD). The mean
follow-up duration was 64 months (range, 14 to 173 months). By
the end of the follow-up, 21 patients (15 stricturing, 6 inflammahttps://doi.org/10.4132/jptm.2022.05.18

tory CD) had recurrent CD and 12 (9 stricturing, 3 inflammatory
CD) did not have any signs of recurrence. Ten of these recurrences
(8 stricturing CD, 2 inflammatory CD) were early recurrence
(recurrence within 1 year following resection). There was no difference in the frequencies of recurrence in stricturing CD versus
inflammatory CD (Fisher exact test, p > .05).
Bowel thickness measurement in CD

The bowel thickness in stricturing CD did not differ from that
of inflammatory CD (student’s t-test, p > .05). The three parameters of SM—SM, SM/MP, SM/(SM + MP)—showed strong correlations between one another (r ranging from 0.63 to 0.98, p <
.05) in the proximal and distal margin and the mid-section.
Therefore, all of these three parameters were considered to represent the measure of submucosal alteration/thickening. Similarly,
the two parameters of MP—MP, MP/(SM + MP)—showed a correlation between one another (r ranging from 0.34 to 0.57, p <
.05) in all sections, thus were considered to represent the measure of altered muscularis propria/thickening (Supplementary
Table S2).
In all CD, the bowel thickness was greater in the mid-section
compared to the proximal margin. In the mid-section, the SM/
(SM + MP) was greater and MP/(SM + MP) was smaller compared to the proximal margin (p < .05). In other words, while the
mid-section was thicker in all CD, SM alteration/thickening was
a major contributor of the bowel thickening in the mid-section
compared to MP thickening. There were no differences in the
bowel thickness parameters between stricturing and inflammatory CD.
Image capture, processing, and analysis

A total of 2037 images (1551 images from CD, 486 images
from the control group) were analyzed. In CD, the proximal-PCcalr showed a strong correlation with the ratio between proximalPC-calr and distal-PC-calr (proximal/distal-PC-calr; r = 0.92, p <
.05). Therefore, both proximal-PC-calr and proximal/distal-PCcalr were considered to represent the measure of mucosal calretinin
staining at the proximal margin. Also, the proximal-PC-CD34
showed a statistically significant correlation with the ratio between
proximal-PC-CD34 and mid-PC-CD34 (proximal/mid-PCCD34; r = 0.60, p < .05). Thus, both were considered to represent
the density of CD34 immunostaining at the proximal margin.
Similarly, the PC-hotspots of CD34 and calprotectin at the midsection were strongly correlated with the average PCs for CD34
and calprotectin, respectively (r = 0.96 and r = 0.97, p < .05). Thus,
for CD34 and calprotectin at the mid-section, both average PC
https://jpatholtm.org/
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and PC-hotspot were considered to represent the magnitude of
immunostaining. In the CD group, the mean PC of CD34 and
calprotectin immunostaining in the mid-section was significantly
lower (CD34; p < .001) and higher (calprotectin; p < .001) compared to both margins. In the control group, the mean of distalPC-calr was significantly lower than that in CD, especially stricturing CD (p < .001). There was no difference in the means of
proximal-PC-calr, proximal-PC-CD34, proximal-PC-calp, distal-PC-CD34 or distal-PC-calp between the CD and the control
group (Table 1, Figs. 2–4). On microscopic assessment, the
number of endothelial cells staining with CD31 was negligible
compared to the amount of CD34 staining in the same section.
In other words, increased CD34 staining in a given field was not
attributable to increased vascularity. Therefore, no images were
captured or analyzed by image processing and analysis from CD31
stained slides.

nostaining in the mid-section and CD34 immunostaining at the
distal margin. Compared to the submucosal changes, MP alteration/thickening at the proximal margin and mid-section showed an
opposite pattern of associations with PC parameters (Supplementary Fig. S1, S2).
In inflammatory CD, muscularis alteration/thickening at the
proximal margin correlated with proximal CD34 staining whereas
submucosal alteration/thickening at the distal margin correlated
with CD34 staining at the distal margin. Muscularis alteration/
thickening at the distal margin showed an inverse correlation
with CD34 staining at the distal margin (Table 2). There were no
differences in the parameters of bowel wall thickness or calretinin/
CD34 pixel counts at the proximal margin between CD with reCalprotectin
CD34
CD31

Bowel wall alteration/thickening vs. PC in CD vs. recurrence

Submucosal alteration/thickening at the proximal margin correlated with the mucosal calretinin staining and myenteric CD34
staining at the proximal margin and inversely correlated with
CD34 staining in the mid-section. Submucosal alteration/thickening in the mid-section inversely correlated with proximal calretinin immunostaining. At the distal margin, the submucosal
thickness inversely correlated with CD34 staining in the midsection. Furthermore, in stricturing CD, submucosal thickness/
alteration at the mid-section correlated with calprotectin immu-

Calretinin
Calprotectin
CD34

Calretinin
Calprotectin
CD34

Fig. 1. Diagram demonstrating sections and immunohistochemistry.

Table 1. Mean of average pixel count and hotspot for CD and control group
Parameter
No. of cases
No. of images
Proximal margin
Proximal-PC-calr, mean (%)
Proximal-PC-CD34, mean (%)
Proximal/mid-CD34
Proximal-PC-calp, mean (%)
Distal margin
Distal-PC-calr, mean (%)
Distal-PC-CD34, mean (%)
Proximal/distal-PC-calr
Distal-PC-calp, mean (%)
Mid-section
Mid-PC-CD34, mean (%)
Mid-PC-CD34-hotspot, mean (%)
Mid-PC-calp, mean (%)
Mid-PC-calp-hotspot, mean (%)

All CD
44
1,791

Stricturing CD
31
1,321

Inflammatory CD
13
470

Controls
20
486

1.352
17.718
1.479
0.362

1.415
17.245
1.481
0.397

1.202
19.284
1.439
0.218

1.113
17.800
0.338

2.407
18.972
0.588
0.396

2.480
19.287
0.594
0.436

2.234
16.297
0.574
0.274

1.434a
15.156
1.062
1.120

13.473
17.330
10.975
16.524

13.087
16.795
9.929
15.139

14.394
18.606
13.468
19.826

-

CD, Crohn’s disease; PC, pixel count; calr, calretinin; calp, calprotectin.
a
p < .05 by student’s t-test.
https://jpatholtm.org/
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A

B

C

D

Fig. 2. An example of calretinin immunohistochemistry and image processing and analysis. (A) Proximal margin mucosa (calretinin immunostain). (B) Spaces and crypts are segmented (black). (C, D) Brown-colored pixel within the mucosa.

currence vs. without recurrence by the end of the follow-up, and
CD with early recurrence vs. without early recurrence.

DISCUSSION
Inflammation, fibrosis, bowel wall thickening, and neural hypertrophy/hyperplasia are well-known common histologic findings
in CD [9,23]. Few studies have quantitatively addressed the alterations of these histologic components using rather limited panels
of immunostains and/or special stains [11]. Belai et al. performed
calretinin (a calcium-binding protein) immunohistochemistry
on eight ileal samples from CD and compared them to samples
from adults (mean age, 50 years) and older (mean age, 80 years)
adults. Compared to adult control tissue, sections from CD and
older adults showed increased immunolabeling for calretinin in
the myenteric ganglia. The authors postulated that an altered
calcium homeostasis in myenteric neurons may be involved in the
pathologic changes of CD [24]. Recently, Chen et al. [25] performed smooth muscle actin immunohistochemistry and Masson’s
trichrome special stain on stenotic bowel segments of CD. Based
on staining pattern, the authors concluded that smooth muscular
https://doi.org/10.4132/jptm.2022.05.18

hypertrophy, rather than collagen deposition (fibrosis), is a major
contributor of stenosis in CD [25]. Ueno et al. observed that ileal
mucosa from stricturing CD harbors an increased number of
CD34-positive fibrocytes compared to non-stricturing CD [5].
In this study, we quantified calretinin, CD34, and calprotectin
immunostaining in lieu of mucosal innervation, interstitial telocytes, and inflammation, respectively, on full-thickness samples
from CD and correlated them with microscopically measured
bowel thickness. Calretinin immunohistochemistry is widely
used in the diagnostic work-up of Hirschsprung disease in FFPE
tissue. The presence of mucosal calretinin-positive nerve fibers
indicates intact innervation of the examined bowel segment, thus
virtually excluding Hirschsprung disease [26]. Telocytes are interstitial cells that are thought to be involved in intercellular
signaling and bowel motility [27]. They have a small ovoid cell
body surrounded by peripheral projections (telopodes), which
vary in length, shape, number, and thickness. These distinctive
features seperate telocytes from fibroblasts, myofibroblasts, interstitial cells of Cajal and other interstitial cells [27]. CD34 immunohistochemistry has been used as the most reliable marker
of telocytes in the myenteric plexus in CD [16-18]. Calprotectin
https://jpatholtm.org/
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A

B

C

D

Fig. 3. An example of CD34 immunohistochemistry and image processing and analysis. (A) Myenteric plexus layer (CD34 immunostain). (B)
Spaces are segmented (black). (C, D) Brown-colored pixel in the remaining background tissue.

immunohistochemistry has been used as a marker of inflammation in IBD studies. Fukunaga et al. [14] have shown an increased
amount of calprotectin immunohistochemical staining in FFPE
colon samples from patients with IBD compared to normal controls. Likewise, calprotectin immunostaining showed a positive
correlation with the degree of appendiceal inflammation in ulcerative colitis and indeterminate colitis [15]. Our study confirms
that the amount of calprotectin immunostaining reflects the degree of inflammation in tissue sections.
In our study, in the proximal margin of CD without apparent
disease, submucosal alteration/thickness positively correlated with
calretinin (mucosal innervation) and CD34 staining (telocytes)
and inversely correlated with CD34 staining in the mid-section.
In the mid-stenotic/fibrotic section, submucosal alteration/thickness positively correlated with calprotectin staining (inflammation) but inversely correlated with calretinin staining at the proximal margin. Submucosal thickness at the distal margin without
apparent disease again inversely correlated with CD34 staining
in the mid-section. Notably, MP at the proximal margin and midsection tended to have an opposite pattern of correlation with the
PC parameters. This trend was not reproduced when the inflamhttps://jpatholtm.org/

matory CD subgroup was analyzed separately. There was no difference in the amount of calretinin or CD34 staining at the proximal margin between the subgroups with and without recurrence,
and with and without early recurrence.
Milia et al. [16] have shown that in CD, stricture sites harbor
fewer telocytes compared to unaffected segments using CD34 immunohistochemistry. Our findings were in line with Milia et al.’s
observation [16]. Thus, we hypothesize that mucosal innervation
at the stricture site would be proportionally reduced, although
calretinin immunostain was not feasible in the mid-sections of
CD. Additionally, we observed a positive correlation between the
calretinin and CD34 immunostaining vs. submucosal alteration/
thickness at the proximal margin. Therefore, submucosal fibrosis
appears to be associated with tissue remodeling represented by an
attenuated telocytes and innervation, at least at an advanced stage
of fibrosis.
One may argue that because submucosal neural hyperplasia is
common at the stricture site of CD, mucosal innervation would
be increased rather than decreased in the mid-section of CD. We
postulate that the submucosal neural hypertrophy seen in CD is
a reactive process to compensate for impeded bowel movement,
https://doi.org/10.4132/jptm.2022.05.18
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not in the proximal ganglionated bowel [21].
In contrast, given the positive correlation between the submucosal alteration/thickness and calprotectin immunostaining

similar to Hirschsprung disease. In conventional Hirschsprung
disease, submucosal nerve hypertrophy is predominantly seen in
the transition zone and aganglionic bowel segment, but usually

A

B

C

D

Fig. 4. An example of calprotectin immunohistochemistry and image processing and analysis. (A) Submucosa (calprotectin immunostain). (B)
Artifactual spaces and vascular channels are segmented (black). (C, D) Brown-colored pixel in the remaining background tissue.
Table 2. Statistically significant correlation coefficient (r) between bowel wall alteration/thickening vs. pixel count in Crohn’s disease

Proximal margin
SM
SM/MP
SM/(SM + MP)
MP
MP/(SM + MP)
Mid-section
SM
SM/MP
SM/(SM + MP)
MP
MP/(SM + MP)
Distal margin
SM
SM/MP
SM/(SM + MP)
MP
MP/(SM + MP)

p-PC-calr

p/d-PC-calr

p-PC-CD34

p/m-PC-CD34

m-PC-CD34

m-PC-CD34hotspot

m-PC-calphotspot

d-PC-CD34

0.39 (0.40)
0.34
–0.34

0.37 (0.42)
0.33 (0.37)
-

(–0.37) [0.60]
-

0.41 (0.46)
0.31 (0.42)
(0.40)
[0.62]
-

–0.46 (–0.45)
–0.32
–0.31
0.50

–0.42 (–0.42)
–0.32
–0.31
0.48

-

-

–0.39 [–0.56]
[0.82]
0.39 [0.56]

–0.35 (–0.38)
0.35 (0.40)

-

-

-

-

(0.39)
-

(0.39)
-

0.31
-

-

-

-

-

–0.32
-

-

[0.57]
[0.56]
[0.64]
[–0.64]

The numbers in round bracket indicate r in stricturing Crohn’s disease; The numbers in square bracket indicate r in inflammatory Crohn’s disease; all p < .05.
p, proximal; PC, pixel count; calr, calretinin; p/d, proximal/distal; p/m, proximal/mid; m, mid; calp, calprotectin; SM, submucosal thickness; MP, muscularis
propria thickness.
https://doi.org/10.4132/jptm.2022.05.18
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in the mid-section in stricturing CD, it appears that inflammation
contributes to the progression of submucosal fibrosis and thickening. It is interesting to note that there was an inverse correlation between the mucosal innervation at the proximal margin
and the submucosal alteration/thickness at the mid-section. We
postulate that at some point, the main driver leading to alteration of the submucosa at the mid-section also attenuates proximal alterations and further augments localized alterations and
stricturing in the middle.
The opposite patterns of association between altered MP and
PC parameters at the proximal margin and stricture site appear to
indicate that when fibrosis progresses in the submucosa, the muscularis layer undergoes compensatory alterations to offset submucosal changes. This hypothesis is further supported by the fact
that the MP was thicker than submucosa at the proximal margin
whereas in the mid-section, the submucosa was thicker than the
MP.
In our study, the main difference between stricturing CD and
inflammatory CD was that no correlations were found between
the proximal submucosal alteration/thickness vs. PC parameters
in the inflammatory CD subgroup. Also, the submucosal alteration/thickness in the mid-section did not correlate with the degree
of inflammation in the inflammatory CD subgroup. This may be
because we had relatively small number of inflammatory CD cases.
Alternatively, a subset of inflammatory CD may represent a subclinical phase of stricturing CD [28], wherein submucosa at the
proximal margin may not have been sufficiently altered. It is also
possible that the inflammation and telocyte attenuation leading
to fibrosis may occur at a relatively later stage in stricturing CD.
Previous studies have shown that the presence of myenteric
and or submucosal plexitis at the proximal margin of ileocolonic
resection may predict postoperative CD recurrence, especially an
early recurrence [29-31]. We compared mucosal calretinin staining at the proximal margin of our cases as a surrogate for neural
function. Our negative results in regard to neural function at the
proximal margin may be due to our selection criteria. We selected resections with no inflammation at the margins, which was
confirmed by very low calprotectin pixel counts at the margins;
therefore, none of our CD cases had plexitis at the proximal
margin.
As we have used new methodology to study novel markers,
we cannot compare our results with other studies with different
selection criteria and methods. However, some notable differences
appear worthy of comment. For example, we have shown that the
submucosal alteration/thickening in the mid-section correlated
with the amount of inflammation at the submucosa level in strichttps://jpatholtm.org/

turing CD. Previous studies have shown that fibrogenesis in CD
cannot be solely explained by inflammation; i.e., some patients
still develop strictures even after inflammation is medically controlled [32,33]. Similarly, a recent mouse model study has shown
that altered mammalian target of rapamycin/autophagy pathway
via the interleukin (IL)-23/IL-22 axis may play a role in fibrosis
progression in the absence of inflammation in CD [13]. As Chen
et al. [25] have hypothesized, the main driver of fibrosis progression may be inflammation in an early phase, whereas it may be
some other process, such as smooth muscle hyperplasia, in a later
stage. This awaits further study.
Also, Ueno et al. [5] used CD34 immunohistochemistry as a
marker of fibrocytes and reported that CD34 immunofluorescence was increased in the ileal mucosal biopsies of stricturing CD
compared to non-stricturing CD patients. In contrast, we used
CD34 immunohistochemistry as a marker of telocytes and targeted
myenteric plexus as previously reported [16,34]. Therefore, the
difference in the CD34 staining distribution between our and
Ueno et al’s study appears to be due to the difference in the bowel
layer and the cell types we targeted.
A novel finding of our study is that the mean of distal-PC-calr
in non-CD controls was significantly less than that in all CD, stricturing CD and inflammatory CD. In contrast, there was no difference in the means of proximal-PC-calr and proximal- and distalPC-D34 between CD and controls. Therefore, distal-calretininPC may be potentially useful in diagnosing CD in an appropriate
clinical context.
One of the limitations of our study is the small number of inflammatory CD in our cohort. This appears to be an inherent limitation of a study using resected CD specimens, as the most common indication for surgical resection for CD is stricture [4].
However, there were certain differences when the stricturing CD
subgroup was compared with all CD to include inflammatory CD.
These suggest that our inflammatory CD subgroup is likely distinct from stricturing CD. Also, as this is a cross-sectional study,
we cannot demonstrate temporal alterations of each marker we
have studied. A longitudinal study using serial mucosal biopsies
may be helpful in this regard. In addition, the distance between
the margin and the diseased lesion and the exact length of diseased segment were not available in many cases. These parameters may have influenced some of our results. The main strength
of our study is that for the first time, to the best of our knowledge,
we applied a digital pathology tool to evaluate potential markers
of fibrogenesis in CD. Although we acknowledge that it would
be difficult to apply this tool in daily practice, it allowed us to
generate relatively objective continuous variables that correlated
https://doi.org/10.4132/jptm.2022.05.18
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with various parameters of bowel wall alteration.
In summary, inflammation and tissue remodeling represented
by alterations in the density of telocytes and mucosal innervation
appear to contribute to fibrogenesis in stricturing CD. Whether
the tissue remodeling we demonstrate herein is specific to stricturing CD or similar pattern can be seen any wound healing process
including other types of strictures is to be studied.
Supplementary Information
The Data Supplement is available with this article at https://doi.org/10.4132/
jptm.2022.05.18.
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Supplementary Legends
Supplementary Table S1. Immunohistochemistry
Antibody

Clone

Dilution

Calretinin

SP65, rabbit,

CD34

CD

Controls

Predilute Roche, Indianapolis,

Proximal and

Proximal and

monoclonal

IN, USA

distal margin

distal margin

QBEnd/10,

Predilute Roche, Indianapolis,

Mid-section

Proximal and

mouse,

Vendor

IN, USA

distal margin

monoclonal
Calprotectin MAC387, mouse,
monoclonal

1:2,000

Thermo Fisher

Mid-section

Scientific, Waltham,

Proximal and
distal margin

MA, USA
CD31

JC70A, mouse,
monoclonal

Predilute Agilent, Santa Clara,
CA, USA

CD, Crohn’s disease; N/A, not applicable (not performed).
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Mid-section

N/A

Supplementary Table S2. The mean bowel thickness in Crohn’s disease (mm)
Parameter

SM

SM/MP

SM/(SM+MP)

MP

MP/(SM+MP)

Stricturing

0.79

0.64

0.37

1.32

0.63

Inflammatory

0.62

0.59

0.35

1.20

0.65

Stricturing

3.55

1.75

0.60

2.24

0.40

Inflammatory

3.50

1.96

0.62

1.88

0.38

Stricturing

1.88

1.88

0.58

1.05

0.42

Inflammatory

1.28

1.62

0.55

0.91

0.45

Proximal margin
(ileum)

Mid-section (ileum)

Distal margin
(colon)

SM, submucosal thickness; MP, muscularis propria thickness.
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A
A

B

Supplem
mentary Figg. S1. Dot plo
ot with a fit lline in strictu
uring Crohn’’s disease. (A
A) Pearson’s r=0.395,
(B) r=0.387. SM, subbmucosa, MP, musculariis propria.
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Supplementary Fig. S2. Summary of the correlations between the bowel alteration/thickness vs.
pixel count parameters in stricturing Crohn’s disease. SM, submucosa; MP, muscularis propria; PC,
pixel count.
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Landscape of EGFR mutations in lung adenocarcinoma:
a single institute experience with comparison of PANAMutyper testing and
targeted next-generation sequencing
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1

Background: Activating mutations in the tyrosine kinase domain of epidermal growth factor receptor (EGFR) are predictive biomarkers
for response to EGFR–tyrosine kinase inhibitor (TKI) therapy in lung adenocarcinoma (LUAD). Here, we characterized the clinicopathologic features associated with EGFR mutations via peptide nucleic acid clamping-assisted fluorescence melting curve analysis (PANAMutyper) and evaluated the feasibility of targeted deep sequencing for detecting the mutations. Methods: We examined EGFR mutations in exons 18 through 21 for 2,088 LUADs from July 2017 to April 2020 using PANAMutyper. Of these, we performed targeted deep
sequencing in 73 patients and evaluated EGFR-mutation status and TKI clinical response. Results: EGFR mutation was identified in
55.7% of LUADs by PANAMutyper, with mutation rates higher in females (69.3%) and never smokers (67.1%) and highest in the age
range of 50 to 59 years (64.9%). For the 73 patients evaluated using both methods, next-generation sequencing (NGS) identified EGFR
mutation–positive results in 14 of 61 patients (23.0%) who were EGFR-negative according to PANAMutyper testing. Of the 10 patients
reportedly harboring a sensitizing mutation according to NGS, seven received TKI treatment, with all showing partial response or stable
disease. In the 12 PANAMutyper-positive cases, NGS identified two additional mutations in exon 18, whereas a discordant negative result was observed in two cases. Conclusions: Although PANAMutyper identified high frequencies of EGFR mutations, targeted deep sequencing revealed additional uncommon EGFR mutations. These findings suggested that appropriate use of NGS may benefit LUAD
patients with otherwise negative screening test results.
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Molecular diagnostics for targetable genetic alterations have
become the standard of care in the management of lung cancer patients [1]. In particular, epidermal growth factor receptor (EGFR)
mutations have been more frequently found in lung adenocarcinomas (LUADs) in Asian than Western populations [2], with the
overall EGFR mutation rate up to ~54% among Korean patients
with adenocarcinoma [3-5]. EGFR mutation testing has become
the most important step in treatment decision-making for lung
cancer patients in Korea because of the high frequency of EGFR
mutations and the availability of targeted therapeutic agents.
pISSN 2383-7837
eISSN 2383-7845

For EGFR testing, the College of American Pathologists/
American Society of Clinical Oncology/International Association
for the Study of Lung Cancer guidelines recommends that testing methods must be capable of detecting molecular alterations
in specimens with as few as 20% cancer cells. Furthermore, assays
capable of detecting abnormality in as few as 5% of tumor cells
should be used for the EGFR T790M mutation [6]. In Korea,
peptide nucleic acid (PNA) clamping-based reverse-transcription
polymerase chain reaction (PCR), the Cobas EGFR mutation
test (Roche, Indianapolis, IN, USA), pyrosequencing, and next-
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generation sequencing (NGS) are commonly used for EGFR mutation testing [7].
Recently, Park and Shim [8] reported that NGS testing is
highly recommended for the diagnosis of Korean lung cancer patients, given its ability to reveal a considerable number of additional EGFR, anaplastic lymphoma kinase, and proto-oncogene
tyrosine-protein kinase ROS alterations, as well as other targetable
alterations. However, high costs, specialized implements and
bioinformatics, complex test processes, and the relatively long
turnaround time hinder its implementation as a standard method
for detecting genetic alterations [9].
In this study, we screened EGFR mutations using PNA clamping-assisted fluorescence melting curve analysis (PANAMutyper,
Panagene, Daejeon, Korea) and performed an in-depth characterization of the clinicopathologic features associated with EGFR
mutations in LUAD patients at our institution. Additionally, we
evaluated the feasibility of targeted NGS for detection of the mutations in comparison with the PNA method and assessed clinical
responses to EGFR tyrosine kinase inhibitors (TKIs) in groups
defined by these different detection methods.

MATERIALS AND METHODS
Patients and specimens

We reviewed the EGFR mutation results of PANAMutyper
tests on LUADs conducted between July 2017 and April 2020
at Seoul National University Bundang Hospital. Of the 2,203
tests, 115 were repetitive tests for the same tumor or its metastatic
lesion. To prevent duplicate counts, only one test result from each
tumor was selected for the main calculations, and the other results
were analyzed separately. Fifteen pairs of tests performed for synchronous or metachronous double primary tumors in the same
patient were not considered repetitive and not excluded. As a result, we analyzed the test results of 2,088 distinct tumors from
2,073 patients. Clinical and pathologic information was obtained
from electronic medical records and pathology reports.
PANAMutyper assay

PANAMuytper is a PNA-mediated real-time PCR-based assay.
Mutant DNA is selectively amplified by using wild-type DNAspecific PNA clamp probes, after which mutant-specific PNA
detection probes are used to genotype EGFR mutations by fluorescence melting curve analysis. This assay can detect and discriminate 47 types of EGFR mutation (Supplementary Table S1), including three resulting in G719X substitutions, 29 exon 19
deletions (Exon19del), one T790M substitution, one S768I subhttps://jpatholtm.org/

stitution, 10 exon 20 insertions (Exon20ins), two L858R substitutions, and one L861Q substitution with a high level of sensitivity [10].
Mutation analysis using the PANAMutyper R EGFR kit
(Panagene) was performed according to manufacturer instructions.
To maximize the proportion of neoplastic cells, target lesions were
annotated on the corresponding hematoxylin and eosin-stained
slide and selectively dissected for DNA extraction whenever
possible. Test results were reported as positive or negative for each
of seven categories, and those with more than one mutation were
considered compound mutations. For patients with the T790M
mutation, history of TKI administration and results of previous
molecular tests were reviewed to distinguish between de novo and
acquired T790M mutation. When comparing the results of repeated tests, additional detection of the T790M mutation after
TKI treatment was considered concordant, and any other type of
difference was considered discordant.
NGS analysis

Among the 2,073 patients, targeted sequencing that included
the EGFR gene was performed in 73 patients at the request of
clinicians. Briefly, genomic DNA was extracted using the Qiagen
formalin-fixed paraffin-embedded kit (Qiagen, Hilden, Germany), customized panels were designed (Supplementary Table S2)
using SureSelect biotinylated RNA library baits (Aligent Technologies, Santa Clara, CA, USA), and target enrichment was
performed using the SureSelect XT HS target enrichment kit
(Aligent Technologies). Paired-end massively parallel sequencing
(2 × 150 bp) was performed with an Illumina Miseq reagent kit
(v2.0) on a MiSeqDx sequencer (Illumina, San Diego, CA, USA).
Variants with at least 2% of allele frequency and 100 × depth were
included for analysis.
Statistical analysis

The proportions of mutation-positive cases were calculated
along with the 95% confidence interval according to the Wilson
score interval. Frequencies of the mutations in different groups
were compared using a χ2 test or Fisher’s exact test. To evaluate
the association between clinicopathologic variables and EGFR
mutation, binary logistic regression analysis was performed. Responses to EGFR-TKI treatment were evaluated by reviewing
electronic medical records and based on Response Evaluation
Criteria in Solid Tumors (v1.1) criteria. Time-to-treatment discontinuation (TTD) was defined as the date of treatment initiation to the date of discontinuation and used to estimate the benefit of TKI treatment. Statistical analyses were performed using
https://doi.org/10.4132/jptm.2022.06.11
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SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA), and a p-value
< .05 was considered significant.

RESULTS
Prevalence of EGFR mutations according to the
PANAMutyper test

Table 1 summarizes the clinicopathologic characteristics and corresponding EGFR mutation rates. EGFR mutation was detected
in 55.7% of 2,088 LUADs by the PANAMutyper test, with
the positivity rate highest (64.9%) between the ages of 50 and
59 years. Additionally, EGFR mutation was more common in
females (69.3% vs. 41.0%, p < .001) and in never smokers (67.1%
vs. 40.0%, p < .001). Moreover, we observed similar trends in
mutation frequency according to age group, sex, and smoking
status upon division into subgroups (Fig. 1). Furthermore, EGFR
mutation was observed more frequently in resection samples as
compared with biopsies (59.5% vs. 49.6%, p < .001), with biopsies for metastatic lymph nodes yielding lower positivity
rates as compared with other procedures. Associations of age
group, sex, smoking status, and specimen type with EGFR mutation rate were statistically significant according to both univariable and multivariable analyses (Supplementary Table S3).
For primary lung-resection specimens, histologic subtypes were
assigned according to the predominant pattern or distinct entities
and analyzed separately. As a result, invasive non-mucinous adenocarcinomas with predominant lepidic (65.5%), acinar (69.1%),
papillary (70.1%), and micropapillary (71.2%) patterns showed
relatively similar rates of EGFR-mutation positivity, whereas a
lower frequency was observed in solid adenocarcinomas (33.1%).
EGFR mutations were identified in 63.4% of minimally invasive
adenocarcinomas (MIAs) and similar to other invasive non-mucinous adenocarcinomas. By contrast, EGFR mutations were observed in only 31.3% (5 of 16 cases) of adenocarcinoma in situ
(AIS). For invasive mucinous adenocarcinomas (IMAs), EGFR
mutation was positive in five of 91 cases (5.5%).
EGFR mutation subtypes

Among the positive tests, Exon19del and L858R substitution
accounted for 45.7% and 43.3%, respectively, followed by Exon20ins (6.0%), G719X (4.2%), L861Q (1.6%), and S768I (1.0%)
(Table 2). Exon19del, Exon20ins, and L858R mutations were
mainly in the form of singlets, whereas compound mutations
were relatively frequent for G719X, S768I, T790M, and L861Q.
Excluding those with acquired T790M mutation, 35 of the EGFR-mutated cases (3.0%) were detected as compound mutahttps://doi.org/10.4132/jptm.2022.06.11

Table 1. EGFR mutation status according to clinicopathologic
characteristics
Characteristic

Examined
No.

EGFR
mutation

Total
2,088 (100) 1,162 (55.7)
Age (yr)
< 40
36 (1.7)
17 (47.2)
40–49
161 (7.7)
90 (55.9)
50–59
427 (20.5) 277 (64.9)
60–69
673 (32.2) 370 (55.0)
70–79
638 (30.6) 334 (52.4)
≥ 80
153 (7.3)
74 (48.4)
Sex
Male
1,005 (48.1) 412 (41.0)
Female
1,083 (51.9) 750 (69.3)
Smoking statusa
Never
1,205 (57.7) 808 (67.1)
Ever
873 (41.8) 349 (40.0)
Sex and smoking statusa
Male, never smoker
216 (10.3) 120 (55.6)
Male, ever smoker
786 (37.6) 291 (37.0)
Female, never smoker
989 (47.4) 688 (69.6)
Female, ever smoker
87 (4.2)
58 (66.7)
Specimen type
Resection
1,300 (62.3) 773 (59.5)
Primary lesion
1,261 (60.4) 746 (59.2)
Metastatic lesion
39 (1.9)
27 (69.2)
Biopsy
776 (37.2) 385 (49.6)
Primary lesion
463 (22.2) 241 (52.1)
PCNB
345 (16.5) 179 (51.9)
Bronchoscopic biopsy
117 (5.6)
62 (53.0)
Thoracoscopic biopsy
1 (0)
0
Metastatic lesion
313 (15.0) 144 (46.0)
PCNB (other than LN)
52 (2.5)
29 (55.8)
PCNB (LN)
75 (3.6)
32 (42.7)
EBUS-TBNA biopsy
154 (7.4)
64 (41.6)
(mediastinal LN)
Thoracoscopic biopsy
29 (1.4)
18 (62.1)
Other biopsies
3 (0.1)
1 (33.3)
Cytology
12 (0.6)
4 (33.3)
EBUS-TBNA
4 (0.2)
0�
Pleural fluid
8 (0.4)
4 (50.0)
Histologic subtypeb
Adenocarcinoma in situ
16 (1.3)
5 (31.3)
Minimally invasive adenocarcinoma
145 (11.5)
92 (63.4)
Lepidic adenocarcinoma
55 (4.4)
36 (65.5)
Acinar adenocarcinoma
404 (32.0) 279 (69.1)
Papillary adenocarcinoma
348 (27.6) 244 (70.1)
Micropapillary adenocarcinoma
52 (4.1)
37 (71.2)
Solid adenocarcinoma
145 (11.5)
48 (33.1)
Invasive mucinous adenocarcinomac 91 (7.2)
5 (5.5)
Colloid adenocarcinoma
2 (0.2)
0�
Enteric-type adenocarcinoma
3 (0.2)
0�

p-value

.001

< .001

< .001

< .001

< .001

< .001

Values are presented as number (%).
EGFR, epidermal growth factor receptor; PCNB, percutaneous needle biopsy; LN, lymph node; EBUS-TBNA, endobronchial ultrasound-transbronchial needle aspiration.
a
Smoking status missing from 10 patients; bFor primary resection specimens only; cIncluding 11 mixed invasive mucinous and non-mucinous adenocarcinomas (2/11).
https://jpatholtm.org/
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Age (yr)

< 50

50–59

≥ 60

80

EGFR mutation (%)

60

40

20

0

Male, ever smoker

Male, never smoker

Female, ever smoker

Female, never smoker

Fig. 1. Epidermal growth factor receptor (EGFR) mutation frequencies according to age, sex, and smoking status. The preferential occurrence of EGFR mutation in females and never smokers is observed. Notably, the frequency was the highest at the sixth decade of age, regardless of sex and smoking status.
Table 2. Occurrence of EGFR mutation subtypes
Total occurrence

Positive rate (%)

Relative proportion (%)

49
530
12
12
70
502
19

2.3
25.4
0.6
0.6
3.4
24.0
0.9

4.2
45.7
1.0
1.0
6.0
43.3
1.6

G719X
Exon19del
T790Ma
S768I
Exon20ins
L858R
L861Q

Form of mutation, n (%)
Singlet

Compound

31 (63.3)
521 (98.3)
3 (25.0)
3 (25.0)
64 (91.4)
487 (97.0)
15 (78.9)

18 (36.7)
9 (1.7)
9 (75.0)
9 (75.0)
6 (8.6)
15 (3.0)
4 (21.1)

EGFR, epidermal growth factor receptor.
a
Excluding acquired T790M mutations.

tions (Supplementary Table S4).
Compared with clinicopathologic variables, the two most prevalent mutations (Exon19del and L858R) were associated with different features (Fig. 2, Supplementary Table S5), with Exon19del
more common in patients under 50 years of age, and L858R mutation less common in patients under 50 years of age, compared
to those over 60 years of age. Summation of the two mutation
frequencies corresponded to the overall positivity rate reaching
the highest in patients aged 50 to 59 years (Supplementary Fig.
1S). Additionally, both mutations were more common in female
patients and non-smokers; however, Exon19del mutation was
more frequent in female smokers than in female non-smokers.
https://jpatholtm.org/

Compared with acinar/papillary patterns, Exon19del mutation
was more frequent in micropapillary adenocarcinomas and less
frequent in lepidic predominant tumors, whereas the opposite
trend was observed for the L858R mutation. These differences
were also observed in logistic regression analyses for each mutation (Supplementary Table S6).
T790M mutation was detected in 5.0% of cases (105 of 2,088
cases), of which 93 cases constituted acquired mutations and 12
were de novo T790M mutations (corresponding to 0.6% of TKInaïve patients). In the subgroup of de novo T790M mutations,
nine were present as compound mutations, with the most common accompanying mutation being L858R (6 cases), followed
https://doi.org/10.4132/jptm.2022.06.11
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Exon19del

Age (yr)

L858R

<50
50-59
≥ 60

Male, ever smoker
Male, never smoker
Female, ever smoker
Female, never smoker

in five cases, and in the other two cases, an additional mutation
was detected in the repetitive tests. Although quantitative information could not be obtained for the differentially positive
results, the peak height of those melting curves was consistently
lower relative to those observed in usual positive cases. Clinicopathologic information for the seven discordant cases is summarized in
Supplementary Table S8.
Among 15 pairs of synchronous or metachronous tumors,
seven pairs showed identical EGFR-mutation status, with either
the same mutation (3 cases) or negative results (4 cases), and eight
pairs showed different EGFR-mutation profiles.
Comparison of PANAMutyper and NGS results for 73 patients

AIS/MIA/Lepidic
Acinar/Papillary
Micropapillary
Solid
Mucinous
0

10

20

30

40

50

60

Mutation frequency (%)
Fig. 2. Comparison of mutation frequencies of Exon19del and
L858R by clinicopathologic variables. The two most common epidermal growth factor receptor (EGFR) mutation subtypes showed
different patterns. While Exon19del was more frequent in patients
younger than 50 years of age, L858R was more common in patients older than 50 years. Also, Exon19del was enriched in micropapillary predominant adenocarcinomas, whereas L858R was
more common in lepidic predominant tumors. AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.

by Exon19del and G719X (Supplementary Table S7). Acquisition of T790M mutation following TKI treatment was found
in 53.1% of cases (93 of 175 cases). Moreover, the T790M-acquisition rate was 54.2% (32 of 59 cases) in tumors with preceding L858R mutation and 59.6% (56 of 94 cases) in those with the
Exon19del mutation. The frequency of compound T790M mutation in Exon19del- and L858R-mutated tumors did not differ
significantly between TKI-naïve and TKI-treated patients (p =
.156 and p = .516, respectively).
Repetitive tests

For 113 cases, we performed multiple PANAMupyter tests
on the same tumor or its metastatic lesion. Of these cases, 106
(93.8%) revealed concordant test results, with discordant results
observed in the remaining seven cases (6.2%). For these seven
cases, EGFR mutation was detected in only one of the two tests
https://doi.org/10.4132/jptm.2022.06.11

Both PANAMutyper testing and NGS were performed for
73 patients, resulting in 18 cases (24.7%) of discordance in the
EGFR-mutation results (Table 3) assessed by both tests. In 61
PANAMutyper-negative cases, NGS revealed an EGFR mutation in 14 cases (23.0%), of which 10 (16.4%) showed mutations
in exons 18 through 21 (Fig. 3). Notably, all mutations found in
these 10 cases were not included in the list of hotspot mutations
by PANAMutyper. Three of these mutations [c.2154_2155GG
> TT (G719C), c.2303_2304GC > TT (S768I), and c.2573_
2574TG > GC (L858R)] eventually caused the same amino acid
changes that are targeted by PANAMutyper; however, the specific nucleotide changes were not included in the list of detectable alterations. Additionally, another two mutations [c.2155G
> C (G719R) and c.2303_2305delGCGinsTCT (S768_V769 >
IL)] produced amino acid changes that were similar to but different from the targeted amino acid changes in the PANAMutyper test. Moreover, two in-frame insertion-deletion mutations
of exon 19 and two insertion mutations of exon 20 identified by
NGS were not identical to any of the detectable alterations in
the PANAMutyper test. Furthermore, two mutations involving
E709 resulting from a mutation in exon 18 and one exon 19 insertion mutation (neither of which are targeted by PANAMutyper)
were also detected by NGS. Of the 10 patients found to have a
sensitizing mutation according to NGS, seven received TKI treatment, with partial response observed in three patients and the other
four showing stable disease. The median TTD was 20 months.
In eight of the 12 cases with positive PANAMutyper results,
NGS identified the same EGFR mutation. In one of these, EGFR
amplification was also identified along with the previously known
Exon19del. In two of the other four cases, additional mutations
in exon 18 were identified by NGS (E709X and G724S). By
contrast, EGFR mutations detected via PANAMutyper were
not identified by NGS in two cases. In one case (N17 [Table 3]
https://jpatholtm.org/
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F

N18

50 Exon19del

66 Exon19del

36 Exon19del

58 G719X

49 Not identified

55 Not identified

68 Not identified

75 Not identified

54 Not identified

71 Not identified

67 Not identified

59 Not identified

50 Not identified

34 Not identified

68 Not identified

54 Not identified

17

18
19

18
18

26

26

11

4

21

20

20
26

20

19
26

19

19

18
20

18

18
18

Exon

p.L747_T751delinsN

p.I744_K745insKIPVAI

p.G719R
p.S768I

p.E709_T710delinsD

p.E709A
p.G719C

Amino acid change

Not identified

c.1996C > T

c.2170G > A
c.2237_2255delAATTAAGAGAAGCAACATCinsT

c.2125G > A
c.2156G > C

c.3143C > T

c.3143C > T

c.1282G > A

c.500T > C

c.2573_2574delTGinsGC

c.2311_2319dupAACCCCCAC

c.2303_2305delGCGinsTCT
c.3143C > T

c.2284-5_2290dupTCCAGGAAGCCT

p.L666F

p.G724S
p.E746_S752delinsV

p.E709K
p.G719A

p.A1048V

p.A1048V

p.G428S

p.I167T

p.L858R

p.N771_H773dup

p.S768_V769 > IL
p.A1048V

p.A763_Y764insFQEA

c.2253_2276delATCTCCGAAAGCCAACAAGGAAATinsTTCCGC p.P753_I759delinsA
c.3143C > T
p.A1048V

c.2239_2253delTTAAGAGAAGCAACAinsAAC

c.2214_2231dupTAAAATTCCCGTCGCTAT

c.2155G > C
c.2303_2304delGCinsTT

c.2127_2129delAAC

c.2126A > C
c.2154_2155delGGinsTT

Nucleotide change

NGS results

45.9

9.8
32.7

42.2
41.0

49.9

44.0

2.3

3.8

16.5

13.0

51.7
60.7

20.2

10.8
50.0

47.8

33.7

27.5
33.7

68.5

32.1
31.0

VAF (%)

Different

Same

Same

Same

Same

Different

Same

Same

Different

Same

Same

Same

Same

Different

Different

Same

Different

Same

PANA-NGS
samples

LN, EBUS-TBNA Bx
vs. pleural fluid

Lung, PCNB

Pleura, VATS biopsy

LN, PCNB

Lung, PCNB

LN, EBUS-TBNA Bx
(different node)

Lung, PCNB

Lung, PCNB

Peritoneum, excision
(different lesion)

Lung, PCNB

Lung, PCNB

LN, PCNB

LN, PCNB

Lung, lobectomy
(different block)

Lung, lobectomy
(different block)

Lung, PCNB

Lung, lobectomy
(different block)

Lung, PCNB

Sample type
(PANA vs. NGS)

Erlotinib
Erlotinib

a

Erlotinib

Gefitiniba
Erlotinib

Erlotinib
Afatinib

a

Not done

Not done

Not done

Not done

Not done

Not done

Erlotiniba

Amivantamab

Erlotinib

Erlotinib

Erlotinib

Erlotinib
Afatinib
Osimertinib

Afatinib

Afatinib

TKI treatment

PD (1)a
PD (1)

SD (ND, 2)

SD (12.5)a
SD (9)

SD (6)a
N/A (ND, 4)

-

-

-

-

-

-

PR (22)a

SD (NR, 9+)

PR (4)

PR (NR, 24+)

SD (24)

PR (11)
SD (7)
PD (ND, 2)

SD (15)

SD (32)

Best response
(TTD, mo)

EGFR, epidermal growth factor receptor; NGS, next-generation sequencing; PANA, PANAMutyper; VAF, variant allele frequency; TKI, tyrosine kinase inhibitor; TTD, time-to-treatment discontinuation; M, male; F, female; PCNB, percutaneous needle biopsy; SD, stable disease; PR, partial response; PD, progressive disease; ND, not detected; NR, not reached; LN, lymph node; EBUS-TBNA, endobronchial ultrasound-transbronchial needle aspiration; Bx, biopsy; N/A, not available; VATS, video-assisted thoracoscopic surgery.
a
Treatment done before NGS test.

M

F

N14

N17

M

N13

F

M

N12

N16

F

N11

F

M

N10

N15

F

F

N06

N09

F

N05

F

M

N04

M

M

N03

N08

M

N02

N07

55 Not identified

M

N01

55 Not identified

Age
PANA results
(yr)

Case Sex

Table 3. Cases with discordant results in EGFR mutations status by PANAMutyper and NGS
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E709A
*

G719C
Mutation in
other exons
(6.6%)

E709_T710>D
G719R
*

S768I

NGS
results

Mutation in
EGFR exon 18–21
(16.4%)

Exon19ins

Location
Exon 18
Exon 19

Exon19del

Exon 20
Exon 21

Exon20ins
No EGFR mutation
(77.0%)

S768_V769>IL
L858R

Response to TKI
Partial response
Stable disease
Not done
*Compound mutations

Amino acid change targeted by PANAMutyper

PANAMutyper-negative cases (n = 61)

Amino acid change not targeted by PANAMutyper
Nucleotide change not targeted by PANAMutyper

Fig. 3. Comparison of PANAMutyper and next-generation sequencing (NGS) in PANAMutyper-negative cases (n = 61). NGS revealed targetable mutations in the epidermal growth factor receptor (EGFR) exon 18 through 21 in 16.4% of PANAMutyper-negative cases. Most of the
detected amino acid changes were not targeted by PANAMutyper, while all the nucleotide changes were not targeted by PANAMutyper. All
seven of the ten patients who received EGFR–tyrosine kinase inhibitor therapy showed partial response or maintained stable disease. TKI,
tyrosine kinase inhibitor.

and R3 [Supplementary Table S8]), the patient was initially diagnosed with adenocarcinoma with mucinous differentiation,
and EGFR mutation was not identified via PANAMutyper.
Upon disease progression after chemotherapy, the patient underwent a second biopsy, which revealed the Exon19del mutation
identified via PANAMutyper, whereas NGS revealed a KRAS
G12D mutation in the absence of Exon19del. Erlotinib was administered for 2 months according to the PANAMutyper result, with the final computed tomography scan showing slight
aggravation of the tumor, after which no further information
was available as the patient no longer had outpatient visits. In the
other case (N18), the PANAMutyper test identified Exon19del,
and after 1 month of erlotinib treatment, disease progression
with a skin rash was observed. NGS was performed following
dissection of tumor cells on the smear slide of a pleural fluid sample based on the lack of previous biopsy material; however, this
revealed no EGFR mutation. A subsequent biopsy on a metastatic lesion in the liver resulted in the identification of the same
https://doi.org/10.4132/jptm.2022.06.11

Exon19del mutation by PANAMutyper. Nevertheless, the patient did not benefit from TKI therapy due to disease progression
and drug side effects.
There were 10 cases in which PANAMutyper and NGS were
ordered concurrently with a follow-up biopsy to evaluate the
mutational status of progressive disease after TKI administration. Acquired T790M mutation was detected in two cases, which
were also identifiable by concurrent PANAMutyper tests. NGS
identified additional EGFR mutations (E709K and G724S) in
two cases and one case of EGFR amplification. Notably, in one
case, the previously known Exon19del was not identified, although
a new substitution mutation (S768_V769 > IL) in EGFR was revealed by NGS. Clinicopathologic and mutational information
for these cases are shown in Supplementary Table S9.

DISCUSSION
In this study, the prevalence of EGFR mutations according to
https://jpatholtm.org/
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PANAMuytper tests in Korean LUAD patients was similar to
those of previous reports, and NGS was able to detect rare mutations treatable by EGFR TKIs.
EGFR mutations are enriched in females and non-smokers;
however, their association with age remains unclear. Some studies have indicated that EGFR mutations are more prevalent in
younger patients [11,12], whereas other studies report opposing
results [13,14]. However, one common age-related finding indicates that the Exon19del mutation is more common in younger
patients, whereas L858R is more common in older patients [1418]. Recently, Lee et al. [18] showed that the frequency of EGFR
mutation was highest in middle-aged patients based on summing the frequencies of the Exon19del and L858R mutations.
Similar results were obtained in the present study, with the frequency of EGFR mutation highest in patients aged 50 to 59 years
and corresponding to the middle of the peak ages of patients
harboring Exon19del and L858R mutations, regardless of sex
and smoking status. In this respect, EGFR-mutated LUADs may
be regarded as a group of heterogeneous diseases with different
mutation profiles.
According to histologic subtypes, EGFR mutation was far less
common in IMAs and solid predominant adenocarcinomas, a result similar to that reported in previous studies [5,18-23]. Interestingly, although MIAs showed a similar EGFR-mutation frequency with other invasive non-mucinous adenocarcinomas, a
lower frequency was noted in AIS (63.2% vs. 35.3%). This tendency was also reported in other studies, as well as our previous
report [24-26]. Additionally, in the present study, we identified
preferential occurrence of the Exon19del mutation as compared
with the L858R mutation in micropapillary predominant adenocarcinomas (44.2% vs. 21.2%) and preferential occurrence of
L858R to Exon19del in lepidic adenocarcinomas (33.8% vs.
21.2%) (Fig. 2). Though the current predominant pattern-based
classification is unlikely to be matched with specific driver mutations, differences in genomic or epigenetic and transcriptional
features have been demonstrated along the different histologic
patterns [27,28]. These findings might be related to the process
of tumorigenesis and may be further elucidated through future
studies.
Compared with resection specimens, EGFR mutation was detected less frequently in biopsy materials, especially metastatic
lymph nodes. In these cases, the sensitivity of the mutation test
might have been affected by the paucity of tumor cells and the diluting effect of surrounding lymphocytes [18]. Thus, caution
should be used in the interpretation of test results for cases where
the proportion of tumor cells is considerably small. Neverthehttps://jpatholtm.org/

less, this explanation may be insufficient, because EGFR mutations can be detected using very small numbers of tumor cells
and even in cytology samples [29]. Moreover, the clinical context
(e.g., initial workup or a follow-up test after treatment) might
be reflected in the method of sample acquisition, thereby affecting
the difference between procedures. Because quantitative information could not be obtained from the PANAMutyper test, this
study was limited in determining whether the differences in results were a matter of tumor quantity or purity. Similar difficulties were present in determining whether the discordant results
of repetitive tests were due to technical problems or the presence
of actual heterogeneity. In this regard, other tests, such as droplet digital PCR or NGS enabling estimation of quantitative information, would have an advantage in interpreting ambiguous
or unexpected results.
In this study, NGS tests were performed at the request of the
clinician mainly to obtain additional information from patients
with advanced lung cancer and who had negative results according to PANAMutyper tests or who had progressed while using
EGFR-TKIs. Among patients with no EGFR mutation detected
according to the PANAMutyper test, NGS results were also negative in most cases; however, there was a significant proportion
of cases in which novel rare mutations were found in EGFR exons
18 through 21 (10/61, 16.4%). TKIs were used in seven of these
10 patients, all of whom subsequently demonstrated either partial response or maintained stable disease. Notably, all the newly
discovered mutations were those not targeted by the PANAMutyper test; conversely, there were no cases where the PANAMutyper test missed detectable mutations. Therefore, the difference
was not due to the detection limit or sensitivity of the tests but
rather a consequence of the difference in the mutation-specific
targets of the respective assays and sequencing-based methods.
Others have also reported the value of NGS in detecting novel
EGFR mutations in Korean patients with similar yields (16/175
[8] and 7/81 [30] cases). Given that the number of mutations
that can be targeted is limited, NGS clearly has the advantage of
avoiding false-negative results.
Additionally, there were 10 cases where the disease progressed
during the administration of EGFR-TKIs, and tissue was obtained and submitted again for NGS evaluation with or without
another PANAMutyper test. Of these cases, the well-known
T790M mutation was found in only two cases, but additional
genetic information that could affect the effectiveness of EGFRTKIs was identified in some of the other cases. In one case, a
G724S mutation was identified after disease progression in a patient with the Exon19del mutation. The G724S mutation was
https://doi.org/10.4132/jptm.2022.06.11
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identified as being involved in a potential resistance mechanism
following osimertinib therapy while retaining sensitivity to second-generation TKIs [31-33]. The case in the present study differed, in that the primary regimen was gefitinib, and that the
patient responded to second-line erlotinib treatment. Furthermore, EGFR amplification was identified in a case with Exon19del, where amplification of a wild-type or mutated EGFR allele
could potentially act as a resistance mechanism [34,35].
There also exist EGFR-independent resistance mechanisms
to EGFR-TKIs, including MET amplification, human epidermal
growth factor receptor 2 amplification, RAS–mitogen-activated
protein kinase pathway activation, phosphoinositide 3-kinase
pathway activation, and alterations of genes involved in the cell
cycle [36]. In the present study, one case showed MET amplification in addition to the EGFR L858R mutation. Additionally,
several studies report TP53 mutations as being related to inferior outcomes associated with EGFR-TKIs [37,38]. Although
these mutations are being explored, it is evident that co-occurring genomic alterations contribute to the complexity of EGFRmutated tumors, as well as the resistance mechanism to TKIs,
and could be linked to treatment strategies in the future [39-42].
We demonstrated the capability of NGS to identify uncommon activating EGFR mutations, thereby providing benefits to
patients through the use of TKIs. Specifically, NGS was able to
identify genetic alterations in both EGFR and other genes possibly related to TKI responsiveness. However, considering the facilities and costs required to perform NGS, it does not seem appropriate to replace well-established PCR-based assays as a firstline screening method, especially given the frequency with which
EGFR mutations are found in the Korean population. Therefore,
as suggested by Park and Shim [8], NGS could be actively used
in patients with advanced lung cancer when no targetable alterations are found or unexpected responses to TKIs are observed.
This study has some limitations. This was a retrospective observational study of LUAD patients, suggesting the possibility
of selection bias, given that only patients who had undergone
molecular testing were reviewed. However, because most patients
diagnosed with LUAD in our institution eventually undergo
EGFR testing, the current patient cohort is likely to represent
the general population.
In conclusion, this study presented the overall frequency and
subtype distribution of EGFR mutations in Korean LUAD patients and identified a small group of patients within the cohort
that harbored uncommon EGFR mutations, where additional
targeted deep sequencing was critical to establishing the treatment
plan. According to the clinical presentation, NGS testing could
https://doi.org/10.4132/jptm.2022.06.11

provide information that helped to determine the appropriate targeted treatment.
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Supplementary Table S1. Detectable mutations using the PANAMutyper™ R EGFR kit
Exon Amino acid change
Nucleotide change
18
p.G719S
c.2155G>A
18
p.G719C
c.2155G>T
18
p.G719A
c.2156G>C
19
p.K745_E749delKELRE
c.2233_2247del15
19
p.E746_A750>IP
c.2235_2248>AATTC
19
p.E746_A750delELREA
c.2235_2249del15
19
p.E746_T751>IP
c.2235_2251>AATTC
19
p.E746_T751>I
c.2235_2252>AAT
19
p.E746_S752>I
c.2235_2255>AAT
19
p.E746_A750delELREA
c.2236_2250del15
19
p.E746_T751delELREAT
c.2236_2253del18
19
p.E746_T751>A
c.2237_2251del15
19
p.E746_T751>V
c.2237_2252>T
19
p.E746_T751>VA
c.2237_2253>TTGCT
19
p.E746_S752>A
c.2237_2254del18
19
p.E746_S752>V
c.2237_2255>T
19
p.E746_P753>VS
c.2237_2257>TCT
19
p.L747_A750>P
c.2238_2248>GC
19
p.L747_T751delLREAT
c.2238_2252del15
19
p.L747_T751>Q
c.2238_2252>GCA
19
p.E746_S752>D
c.2238_2255del18
c.2239_2247delTTAAGAGAA
19
p.L747_E749delLRE
19
p.L747_ A750>P
c.2239_2248>C
19
p.L747_T751>P
c.2239_2251>C
19
p.L747_T751delLREAT
c.2239_2253del15
19
p.L747_S752delLREATS
c.2239_2256del18
19
p.L747_S752>Q
c.2239_2256>CAA
19
p.L747_P753>Q
c.2239_2258>CA
19
p.L747_T751>S
c.2240_2251del12
19
p.L747_T751delLREAT
c.2240_2254del15
19
p.L747_P753>S
c.2240_2257del18
c.2253_2276del24
19
p.S752_I759delSPKANKEI
20
p.S768I
c.2303G>T
20
p.V769_D770insASV
c.2307_2308insGCCAGCGTG
20
p.V769_D770insASV
c.2309_2310AC>CCAGCGTGGAT
20
p.D770_N771insG
c.2310_2311insGGT
20
p.D770_N771insSVD
c.2311_2312insGCGTGGACA
20
p.P772_H773insTTP
c.2315_2316insGACAACCCC
20
p.P772_H773insGNP
c.2315_2316insGGGCAACCC
20
p.H773L
c.2318 A>T
20
p.H773_V774insH
c.2319_2320insCAC
20
p.H773_V774insPH
c.2319_2320insCCCCAC
20
p.V774_C775insHV
c.2321_2322insCCACGT
20
p.T790M
c.2369C>T
21
p.L858R
c.2573_2574TG>GT
21
p.L858R
c.2573T>G
21
p.L861Q
c.2582T>A

Cosmic No.
6252
6253
6239
26038
13550
6223
13552
13551
12385
6225
12728
12678
12386
12416
12367
12384
18427
12422
23571
12419
6220
6218
12382
12383
6254
6255
12403
12387
6210
12369
12370
13556
6241
12376
13558
12378
13428
13005
12377
12380
18432
6240
12429
6224
6213

Supplementary Table S2. Gene list of the customized NGS panel
ABL1

BRAF

CSF1R

ETV4

FGFR4

JAK2

MTOR

PIK3CA

RET

AKT1

BRCA1

CTNNB1

ETV5

FLT3

JAK3

MYC

PIK3CB

ROS1

AKT3

BRCA2

DDR2

EZH2

FOXL2

KDR

MYCN

PIK3R1

RUNX1

ALK

CCND1

EGFR

FANCA

GNA11

KIT

NOTCH1

POLD1

SMAD4

APC

CDH1

EMSY

FANCC

GNAQ

KRAS

NPM1

POLE

SMARCB1

AR

CDK4

ERBB2

FANCF

GNAS

MAP2K1

NRAS

PPARG

SMO

ATM

CDK6

ERBB3

FANCG

HNF1A

MAP2K2

NTRK1

PTEN

SRC

ATR

CDKN2A

ERBB4

FBXW7

HRAS

MAP2K4

NTRK2

PTPN11

STK11

AXL

CEBPA

ERG

FGFR1

IDH1

MET

NTRK3

RAD51C

TP53

BAP1

CHEK1

ESR1

FGFR2

IDH2

MLH1

PALB2

RAF1

VHL

BARD1

CHEK2

ETV1

FGFR3

JAK1

MPL

PDGFRA

RB1

WT1

ALK

ROS1

RET

(Translocation)

NGS, next-generation sequencing.

Supplementary Table S3. Association between EGFR mutation and clinicopathologic variables
Univariable analysis
Characteristics
Sex

Age (yr)

Female

Specimen type

OR

95% CI

p-value

OR

95% CI

p-value

3.242

2.707-3.882

< .001

2.017

1.559-2.611

< .001

Male

-

< 50

1.048

0.778-1.413

.757

0.894

0.647-1.234

.496

50-59

1.628

1.302-2.036

< .001

1.542

1.210-1.966

< .001

2.550-3.662

< .001

1.871

1.443-2.426

< .001

≥60
Smoking status

Multivariable analysis

-

Never

3.056

Ever

-

Primary, resection

-

Primary, PCNB

0.744

0.586-0.946

.016

0.817

0.634-1.053

.118

Primary, bronchoscopic Bx

0.778

0.532-1.138

.196

0.703

0.472-1.046

.083

Metastatic, PCNB (non-LN)

0.870

0.498-1.522

.626

0.938

0.523-1.681

.829

Metastatic, PCNB (LN)

0.514

0.321-0.823

.006

0.521

0.314-0.866

.012

Metastatic, EBUS-TBNA Bx (LN)

0.491

0.350-0.689

< .001

0.528

0.370-0.754

< .001

EGFR, epidermal growth factor receptor; OR, odds ratio; CI, confidence interval; PCNB, percutaneous needle biopsy; Bx, biopsy; LN, lymph node; EBUS-TBNA,
endobronchial ultrasound-transbronchial needle aspiration.

Supplementary Table S4. Compound EGFR mutationsa
EGFR mutation

Count

G719X + S768I

8

L858R + T790Mb

6

G719X + L861Q

4

Exon19del + L858R

3

L858R + Exon20ins

3

Exon19del + Exon20ins

2

Exon19del + G719X

2

Exon19del + T790Mb

2

L858R + G719X

2

L858R + S768I

1

Exon20ins + G719X

1

G719X + T790Mb

1

a

Excluding acquired T790M mutations;
mutations.

b

De novo T790M

Supplementary Table S5. Frequency of EGFR mutation subtypes according to age, sex, and histologic diagnosisa
Overall

Exon19del

L858R

Exon20ins

G719X

L861Q

T790Ma

S768I

530 (25.4)

502 (24.0)

70 (3.4)

49 (2.3)

19 (0.9)

12 (0.6)

12 (0.6)

Age (yr)
< 40

11 (30.6)

1 (2.8)

3 (8.3)

1 (2.8)

1 (2.8)

0

1 (2.8)

40-49

54 (33.5)

28 (17.4)

6 (3.7)

1 (0.6)

3 (1.9)

0

1 (0.6)

50-59

126 (29.5)

107 (25.1)

26 (6.1)

13 (3.0)

5 (1.2)

5 (1.2)

4 (0.9)

60-69

165 (24.5)

175 (26.0)

15 (2.2)

13 (1.9)

4 (0.6)

3 (0.4)

2 (0.3)

70-79

141 (22.1)

158 (24.8)

15 (2.4)

18 (2.8)

5 (0.8)

3 (0.5)

2 (0.3)

33 (21.6)

33 (21.6)

5 (3.3)

3 (2.0)

1 (0.7)

1 (0.7)

2 (1.3)

Female, never smoker

306 (30.9)

316 (32.0)

36 (3.6)

26 (2.6)

10 (1.0)

9 (0.9)

5 (0.5)

Female, ever smoker

34 (39.1)

18 (20.7)

2 (2.3)

3 (3.4)

2 (2.3)

1 (1.1)

0

Male, never smoker

60 (27.8)

48 (22.2)

6 (2.8)

4 (1.9)

2 (0.9)

0

1 (0.5)

Male, ever smoker

129 (16.4)

117 (14.9)

26 (3.3)

16 (2.0)

4 (0.5)

2 (0.3)

6 (0.8)

2 (12.5)

2 (12.5)

Minimally invasive adenocarcinoma

30 (20.7)

Lepidic adenocarcinoma

≥80
Sex and smoking status

Histologic diagnosis
Adenocarcinoma in situ

0

0

1 (6.3)

0

0

53 (36.6)

5 (3.4)

3 (2.1)

3 (2.1)

3 (2.1)

1 (0.7)

14 (25.5)

18 (32.7)

3 (5.5)

0

0

2 (3.6)

0

Acinar adenocarcinoma

127 (31.4)

125 (30.9)

12 (3.0)

11 (2.7)

5 (1.2)

2 (0.5)

4 (1.0)

Papillary adenocarcinoma

104 (29.9)

114 (32.8)

15 (4.3)

12 (3.4)

2 (0.6)

3 (0.9)

1 (0.3)

Micropapillary adenocarcinoma

23 (44.2)

11 (21.2)

3 (5.8)

0

0

0

0

Solid adenocarcinoma

20 (13.8)

19 (13.1)

4 (2.8)

5 (3.4)

1 (0.7)

0

1 (0.7)

2 (2.2)

1 (1.1)

1 (1.1)

2 (2.2)

0

0

1 (1.1)

Invasive mucinous adenocarcinoma
Values are presented as number (%).
a
Excluding acquired T790M mutations.

Supplementary Table S6. Association between Exon19del, L858R substitution, and clinicopathologic variables
Exon19del
Univariable analysis
Characteristics
Sex

Age

Female

Histology

Multivariable analysis

Univariable analysis

Multivariable analysis

OR

95% CI

p-value

OR

95% CI

p-value

OR

95% CI

p-value

OR

95% CI

p-value

1.984

1.619-2.432

< .001

1.512

1.022-2.235

.038

2.273

1.842-2.806

< .001

1.627

1.107-2.390

.013

Male

-

< 50

1.634

1.186-2.252

.003

1.875

1.213-2.896

.005

0.518

0.343-0.781

.002

0.327

0.188-0.568

< .001

50-59

1.389

1.092-1.767

.007

1.577

1.163-2.140

.003

1.003

0.782-1.286

.980

0.840

0.618-1.142

.266

1.540-2.344

< .001

1.115

0.749-1.661

.592

2.366

1.897-2.951

< .001

1.424

0.960-2.114

.079

0.425-0.875

.007

0.561

0.387-0.812

.002

1.096

0.795-1.510

.577

1.235

0.885-1.723

.214

≥60
Smoking status

L858R

-

Never

1.900

Ever

-

AIS/MIA/Lepidic

0.610

Acinar/Papillary

-

Micropapillary

1.789

1.013-3.159

.045

1.920

1.073-3.437

.028

0.576

0.291-1.140

.113

0.684

0.341-1.374

.286

Solid

0.361

0.220-0.593

< .001

0.386

0.233-0.641

< .001

0.324

0.195-0.537

< .001

0.397

0.237-0.664

< .001

Mucinous

0.051

0.012-0.208

< .001

0.054

0.013-0.222

< .001

0.024

0.003-0.172

< .001

0.023

0.003-0.163

< .001

OR, odds ratio; CI, confidence interval; AIS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.

Supplementary Table S7. Frequency of T790M mutations before and after TKI treatment
Frequency of T790M (co)mutation
Before TKI treatment
After TKI treatment
Overall

12/1964 (0.6)

93/175 (53.1)

Tumors with Exon19del mutation

2/461 (0.4)

56/94 (59.6)

Tumors with L858R mutation

6/462 (1.3)

32/59 (54.2)

Tumors with G719X mutation

1/43 (2.3)

2/8 (25.0)

Values are presented as number (%).
TKI, tyrosine kinase inhibitor.

Supplementary Table S8. Repetitive tests with discordant results
Casea

Location

Site

Procedure

Material

Diagnosis

Test result

R1-1

Primary

Lung

PCNB

FFPE block

Adenocarcinoma

not identified

R1-2

Primary

Lung

Lobectomy

FFPE block

Adenocarcinoma, acinar predominant

Exon19del

R2-1

Primary

Lung

Lobectomy

FFPE block

Adenocarcinoma, acinar predominant

G719X

R2-2

Metastatic

Pleura

VATS Bx

FFPE block

Metastatic adenocarcinoma

not identified

R3-1

Primary

Lung

PCNB

FFPE block

Adenocarcinoma
with mucinous differentiation

not identified

R3-2

Primary

Lung

PCNB

FFPE block

Adenocarcinoma, mucinous type

Exon19del

R4-1

Primary

Lung (RUL)

Lobectomy

FFPE block

Adenocarcinoma, acinar predominant

L858R

R4-2

Metastatic

Lung (LUL)

Wedge resection

FFPE block

Metastatic adenocarcinoma
with solid and signet ring cell feature

not identified

R5-1

Metastatic

Lymph node

PCNB

FFPE block

Metastatic adenocarcinoma

Exon19del

R5-2

Metastatic

Spine

Tumorectomy

FFPE block
(decalcified)

Metastatic adenocarcinoma

not identified

R6-1

Metastatic

Lymph node

EBUS-TBNA Bx

FFPE block

Metastatic adenocarcinoma

Exon20ins
L858R

R6-2

Metastatic

Pleura

Pleurectomy

FFPE block

Metastatic adenocarcinoma

L858R

R7-1

Metastatic

Pleura

VATS Bx

FFPE block

Metastatic adenocarcinoma

G719X
S768I

R7-2

Metastatic

Liver

PCNB

FFPE block

Metastatic adenocarcinoma

G719X

TKI Tx

Best response
(TTD, mo)

Note

Gefitinib

SD (NR, 30+)b

Afatinib

PD (3)

Mutation not detected in an
earlier biopsy

Erlotinib

SD (ND, 2)

Mutation not detected by NGS

ALK IHC+ (overexpression)
observed in both specimens

Not done

Gefitinib

PR (6)

Gefitinib

PR (20)

Afatinib

SD (7)

L858R (only) detected in plasma
test

TKI, tyrosine kinase inhibitor; Tx, therapy; TTD, time to treatment discontinuation; PCNB, percutaneous needle biopsy; FFPE, formalin-fixed paraffin-embedded; SD, stable disease; NR, not reached; VATS, video-assisted thoracoscopic
surgery; Bx, biopsy; PD, progressive disease; ND, not detected; ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry; PR, partial response; EBUS-TBNA, endobronchial ultrasound-transbronchial needle aspiration.
a
Sub numbers in chronological order; bGefitinib was used for diffuse pleural thickening with mild hypermetabolism which was not definite for metastasis.

Supplementary Table S9. Result of NGS tests done in disease progression after TKI treatment using newly acquired specimens
Case Sex
Age
Pre-TKI test
TKI treatment Best response
Post-TKI test
Post-TKI test
(yr)
PANAMutyper
(TTD, mo)
PANAMutyper
NGS; EGFR gene
N08 M
67
Exon19del
Erlotiniba
PR (22)a
not identified
S768_V769>IL
A1048V

Post-TKI test
NGS; other genes

N15

F

58

G719X

Erlotiniba
Afatinib

SD (6)a
N/A (ND, 4)

G719X

G719A
E709K

TP53 R249T

N16

F

36

Exon19del

Gefitiniba
Erlotinib

SD (12.5)a
SD (9)

Exon19del

Exon19del
G724S

TP53 T231del

N18

F

50

Exon19del

Erlotiniba
Erlotinib

PD (1)a
PD (1)

Exon19del

not detected

P01

F

49

Exon19del

Erlotiniba
Gefitinib

PR (17)a
SD (5)

Exon19del

Exon19del
EGFR amplification (CN:
12)

TP53 R282W

P02

F

42

Exon19del

Gefitiniba
Lasertinib

SD (37)a
SD (11)

Exon19del
T790M

Exon19del
T790M

TP53 R175H

P03

F

72

L858R

F

49

L858R

PR (31)
N/A (ND, 1)
SD (20)a
SD (7)a

L858R
T790M
L858R

L858R
T790M
L858R

TP53 C238F

P04

Gefitinib
Osimertinib
Getifiniba
Erlotiniba

P05

F

73

L858R

Afatiniba

PD (2.5)a

L858R

L858R

MET amplification (CN: 6)
PIK3CA amplification (CN: 14)
TP53 S215G
MYC amplification (CN: 21)

SMAD4 S154*
TP53 c.375+5G>T
PD (1)a
Not done
L858R
TP53 P152fs
P06
F
56
L858R
Gefitiniba
NGS, next-generation sequencing; TKI, tyrosine kinase inhibitor; TTD, time to treatment discontinuation; EGFR, epidermal growth factor receptor; M, male; PR,
partial response; F, female; SD, stable disease; N/A, not available; ND, not detected; PD, progressive disease; CN, copy number.
a
Treatment done before NGS test.

Supplementary Fig. S1. Tendency of epidermal growth factor receptor (EGFR) mutation-positive
rates according to age. Exon19del was more common than L858R in younger patients, but L858R was
slightly more frequent than Exon19del in older patients. Summing the frequencies resulted in the peak
incidence of EGFR mutation located at the ages between 50 and 60.
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Background: Gastric-type endocervical adenocarcinoma (GEA) is unrelated to human papillomavirus (HPV) infection and is clinically aggressive compared with HPV-associated usual-type endocervical adenocarcinoma (UEA). The cytological diagnosis falls short of a definitive diagnosis of GEA and is often categorized as atypical glandular cells (AGCs). To improve cytologic recognition, cytological findings of HPV-independent GEA were analyzed and the results compared with HPV-associated UEA. Methods: Cervical Papanicolaou
(Pap) smears from eight patients with a histopathologic diagnosis of GEA and 12 control cases of UEA were reviewed. All slides were
conventionally prepared and/or liquid-based prepared (ThinPrep) and stained following the Pap method. A mucinous background, architectural, nuclear, and cytoplasmic features were analyzed and compared with UEA. Results: Preoperative cytologic diagnoses of the
eight GEA cases were AGCs, favor neoplastic in three cases, adenocarcinoma in situ in one case, and adenocarcinoma in four cases.
Cytologically, monolayered honeycomb-like sheets (p = .002) of atypical endocervical cells with vacuolar granular cytoplasm (p = .001)
were extensive in GEA, and three-dimensional clusters (p = .010) were extensive in UEA. Although the differences were not statistically
significant, background mucin (p = .058), vesicular nuclei (p = .057), and golden-brown intracytoplasmic mucin (p = .089) were also discriminatory findings for GEA versus UEA. Conclusions: Although GEA is difficult to diagnose on cytologic screening, GEA can be recognized based on cytologic features of monolayered honeycomb sheets of atypical endocervical cells with abundant vacuolar cytoplasm
and some golden-brown intracytoplasmic mucin. UEA cases are characterized by three-dimensional clusters.
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Gastric-type endocervical adenocarcinoma (GEA) is a variant
of endocervical adenocarcinoma showing gastric differentiation
unrelated to high-risk human papillomavirus (HPV) infection
[1]. Morphologically, GEA ranges from extremely well differentiated adenocarcinoma (previously termed “minimal deviation
adenocarcinoma”, MDA), with a deep haphazard claw-like gland
distribution and limited desmoplasia, to poorly differentiated
glands, clusters, and single cells [1].
GEA is defined as a mucinous carcinoma showing clear and/or
pale eosinophilic voluminous cytoplasm with distinct cell borders
[2,3]. The cytoplasm contains neutral mucins that stain pale
pinkish-red on Alcian blue/periodic acid–Schiff (PAS) special
staining (in contrast to the dark purple of acid mucins of the normal endocervix) [2,4]. The immunohistochemical gastric (pyloric) markers, HIK1083 and MUC6, are frequently positive [5].
Compared with the HPV-associated usual-type endocervical

adenocarcinoma (UEA), GEA has a higher prevalence of destructive invasion, extrauterine spread, and advanced stage at presentation. Patients with GEA had a significantly decreased 5-year disease-specific survival rate compared with the non–gastric type
(30% vs. 77%; p < .001), and the gastric-type morphology was associated with a significant risk of disease recurrence (p = .001) [2].
Cervical cytology has been less effective in preventing adenocarcinoma than in preventing squamous cell carcinoma, although
screening detects adenocarcinoma earlier than diagnosis in the
absence of screening [6]. Early diagnosis of GEA is difficult due to
problematic challenging cytologic recognition and limited utility
of HPV testing.
Increased awareness of this aggressive tumor entity is crucial
due to difficulties in initial diagnosis of GEA compared with
HPV-associated UEA. Therefore, to improve the cytologic recognition of GEA, the cytological findings of both HPV-indepen-
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dent GEA and HPV-associated UEA were analyzed in the present study.

MATERIALS AND METHODS
Case selection and HPV testing

After obtaining Institutional Review Board approval (CNUHIRB 2021-12-001) of the Chungnam National University Hospital (CNUH) (Daejeon, Republic of Korea), the pathology database was searched for GEA and UEA diagnoses in cytological
and/or surgical pathology specimens at CNUH from July 2016
to June 2021. Clinicopathologic findings and follow-up results
were obtained from the electronic medical records (Table 1).
A total of 10 GEA cases were included in the study (Table 2).
Diagnosis of GEA was based on the morphologic criteria of GEA
Table 1. Clinicopathologic findings of GEA and UEA
Clinicopathologic findings
Age (yr)
Mean ± SD
Range
Type of surgical treatment
Radical hysterectomy
Total hysterectomy
Trachelectomy
Conization
FIGO stage
I
II
III
IV
Human papillomavirus status
High-risk HPV
Not detected
p16 expression
Block positive
Patchy positive/negative
p53 expression
Diffuse strong positive
Complete loss (null)
Patchy positive
Follow-up results
No evidence of disease
Alive with disease
Died of disease
Died of other disease
Not available

GEA (n = 10)

UEA (n = 12)

61.7 ± 11.9
48–80

45.3 ± 10.9
31–68

7 (70.0)
0��
1 (10.0)
2 (20.0)

8 (66.7)
3 (25.0)
0��
1 (8.3)

1 (10.0)
4 (40.0)
3 (30.0)
2 (20.0)

9 (75.0)
1 (8.3)
2 (16.7)
0��

0��
10 (100)

12 (100)
0��

1 (10.0)
9 (90.0)

12 (100)
0��

5 (50.0)
1 (10.0)
4 (40.0)

0��
0��
12 (100)

2 (20.0)
3 (30.0)
4 (40.0)
0��
1 (10.0)

9 (75.0)
0 (0.0)
0 (0.0)
1a (8.3)
2 (16.7)

Values are presented as number (%) unless otherwise indicated.
GEA, gastric-type endocervical adenocarcinoma; UEA, usual-type endocervical adenocarcinoma; SD, standard deviation; FIGO, International Federation of Gynecology and Obstetrics; HPV, human papillomavirus.
a
Died of stomach cancer.
https://doi.org/10.4132/jptm.2022.07.05

[1,2] (Fig. 1A-F) and negative HPV test results. For comparison,
12 control cases of UEA from the same pathology file were also
reviewed. These cases were histopathologically diagnosed based
on the morphologic criteria of UEA (Fig. 2A), a positive high-risk
HPV test, and block-type positivity for p16 (Fig. 2B). Immunostained slides were retrieved from the pathology archives and the
authors reviewed the slides or pathology reports.
A total of 19 patients (9 GEA and 10 UEA) had HPV based on
PANA RealTyper HPV kit (PANA RealTyper, PANAGENE,
Daejeon, Korea) results. The remaining one GEA case and two
UEA cases had in situ hybridization test results for high-risk HPV
using paraffin blocks.
Cytologic examination

Among 10 GEA patients, two patients (cases Nos. 6 and 10)
had no Papanicolaou (Pap) test results. Pathologists with expertise
in cytopathology and gynecologic pathology (M.K.Y., G.E.B.,
and K.S.S.) reviewed preoperative cervical smears from the eight
GEA patients and 12 UEA patients. All cytologic slides were
prepared using the conventional method and/or the liquid-based
preparation (LBP; ThinPrep Pap test, Hologic, Bedford, MA,
USA), and Pap staining was performed. Both conventional
smear and LBP were performed in five GEA cases and nine UEA
cases. Only LBP was performed in three GEA cases and one
UEA case. Only a conventional smear was performed in two UEA
cases. All cytologic results were reported according to The Bethesda System terminology [7].
Among cytologic features, a mucinous background, architectural (monolayered honeycomb-like sheets, 3-dimensional clusters, picket fence-like feathering), nuclear (vesicular nuclei, hyperchromasia, prominent nucleoli, grooves, intranuclear cytoplasmic
pseudoinclusions [INCIs]), and cytoplasmic features (finely vacuolated cytoplasm, cytoplasmic golden-brown mucin, intracytoplasmic neutrophils) were analyzed.
Cytologic findings of the 20 cases (eight GEA and 12 UEA)
were scored. A mucinous background and architectural findings
were scored as absent, focal (rare or mild degree; 1–2 fields, × 100/
slide) or extensive (moderate to high degree; > 3 fields, × 100/
slide). Nuclear and cytoplasmic findings were scored as absent,
focal (rare or mild degree; < 30% of tumor cells/slide) or extensive (moderate to high degree; > 30% of tumor cells/slide). Cytologic scores were analyzed.
Statistical analysis

All statistical analyses were performed using Statistical Package for Social Sciences Statistics for Windows (SPSS ver. 26.0,
https://jpatholtm.org/
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Table 2. Clinical and immunohistochemical findings of 10 cases of gastric-type endocervical adenocarcinoma
Case No. Age (yr)
1
2
3
4
5
6
7
8
9
10

Preparation type

48
80
52
58
54
54
78
63
76
54

CS

LBP

Cytologic
diagnosis

Type of surgery

FIGO
stage

HPV

p16

p53

MUC-6

+
+
+
+
+
NA
NA
NA
NA
NA

+
+
+
+
+
NA
+
+
+
NA

AIS
Adenocarcinoma
AGC
Adenocarcinoma
Adenocarcinoma
NA
Adenocarcinoma
AGC
AGC
NA

Trachelectomy
RH
RH
RH
RH
Conization
Conization
RH
RH
RH

IVA
IIB
IIIC1
IVA
IIA1
IIIC1
IIA2
IB1
IIB
IIIC1

–
–
–
–b
–
–
–
–
–
–

–
–
–
–
+
–
–
–
–
–

+
Wild
Wild
+
+
Wild
+
Null
+
Wild

+
–a
+
+
+
+
–a
+
+
+

Adjuvant Follow-up
Outcome
treatment
(mo)
CC
RT
CCRT
CC
NA
CCRT
RT
CCRT
RT
CCRT

20
38
48
23
FU loss
17
21
21
10
10

DOD
DOD
AWD
DOD
NA
DOD
NED
NED
AWD
AWD

CS, conventional smear; LBP, liquid-based preparation; FIGO, International Federation of Gynecology and Obstetrics; HPV, human papillomavirus; AIS, adenocarcinoma in situ; CC, combined chemotherapy; DOD, died of disease; RH, radical hysterectomy; RT, radiotherapy; AGC, atypical glandular cells, favor
neoplastic; CCRT, combined chemotherapy and radiotherapy; AWD, alive with disease; NA, not available; FU, follow-up; NED, no evidence of disease.
a
Pale pinkish-red cytoplasmic neutral mucin on Alcian blue/PAS special staining; bHigh risk HPV DNA in situ hybridization; +, p16, block-type positivity; +, p53,
overexpression.

IBM Corp., Armonk, NY, USA) software. Groups were compared
using Pearson’s χ2 test for categorical variables and p < .05 were
considered statistically significant.

RESULTS
Clinical features

The mean age of the 10 GEA patients and 12 UEA patients
was 61.7 ± 11.9 years and 45.3 ± 10.9 years, respectively (p =
.003). Among the 10 patients with histologically diagnosed
GEA, a radial hysterectomy was performed in seven, a trachelectomy in one, and conization in two patients. Among the 12
UEA patients, eight (8/12. 66.7%) underwent radical hysterectomy, three (3/12, 25.0%) total hysterectomy, and one (1/12,
8.3%) conization. Based on Revised International Federation of
Gynecology and Obstetrics 2018 staging [8], nine GEA patients
(9/10, 90.0%) were diagnosed with stage II or higher and nine
UEA patients (9/12, 75.0%) with stage I tumor. Follow-up information was available in 9 GEA and 10 UEA patients with follow-up times ranging from 10–45 months (mean, 22.3 months)
and 15–49 months (mean, 24.9 months), respectively. One
GEA patient and two UEA patients were lost to follow-up. The
three GEA patients who underwent radical hysterectomy and 1
GEA patient who had conization received chemoradiation therapy. Four GEA patients died of the disease 17–38 months postoperatively. Nine UEA patients (9/12, 75.0%) had no evidence
of disease and 1 UEA patient died of stomach cancer 11 months
after conization (Tables 1, 2).

HPV testing

HPV tests were performed on cytologic or surgical specimens
from patients. Among 10 GEA patients, high-risk HPV was not
detected in nine subjects. High-risk HPV DNA detection based
on in situ hybridization was negative in one patient (case No. 4).
Among 12 UEA cases, HPV 18 was positive in nine patients and
HPV 16 in one patient. High-risk HPV DNA was detected
based on in situ hybridization using a paraffin block in the remaining two UEA cases (Tables 1, 2). Detection of high-risk
HPV based on in situ hybridization showed punctate nuclear
signals in tumor nuclei indicating the presence of high-risk HPV
DNA.
Histopathological and immunohistochemical findings

Histologically, the GEA case (case No. 4) consisted of irregular
angulated glands invading the cervical stroma (Fig. 1A). Nine
GEA cases exhibited a negative or patchy immunohistochemical
reaction for p16 (Fig. 1B) but one case showed block-type positivity for p16. All UEA cases showed block-type positivity for
p16. Aberrant p53 (overexpression or null pattern) expression
was observed in six GEA cases (60%): overexpression in five cases
(Fig. 1C) and a null pattern in one case. All UEA cases showed
patchy positive reactions for p53. Eight GEA cases showed diffuse or focal positive reactions for MUC6 (Fig. 1D) but two cases
were negative (cases Nos. 2 and 7). The 2 MUC6 negative cases
(Fig. 1E) showed pale pinkish-red cytoplasmic neutral mucin on
Alcian blue/PAS special staining (Tables 1, 2, Fig. 1F).
Cytologic features

Preoperative cytologic diagnoses of the eight GEA cases were
https://jpatholtm.org/
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A

B

C

D

E

F

Fig. 1. Human papillomavirus-independent gastric-type endocervical adenocarcinoma. Irregular angulated glands invading the cervical stroma (A). Tumor cells show negative immunohistochemical reactions for p16 (B), aberrant nuclear overexpression for p53 (C), and positivity for
MUC6 (D). Atypical glands with voluminous clear cytoplasm and distinct cell borders (E). The cytoplasm contains neutral mucins that stain
pale pinkish-red on Alcian blue/periodic acid–Schiff special staining in contrast to the dark purple of acid mucins of the normal endocervix
(inset) (F).

as follows: atypical glandular cells (AGCs), favor neoplastic in
three cases, adenocarcinoma in situ (AIS) in one case, and adenocarcinoma in four cases.
Cytologic findings of GEA and UEA cases are summarized
in Table 3.

https://doi.org/10.4132/jptm.2022.07.05

Mucinous background

Background extracellular mucin (Fig. 3A) was identified in six
GEA and 10 UEA cases. This finding was more extensive in GEA
(4/8) than UEA patients (1/12). However, the difference was not
statistically significant (p = .058).

https://jpatholtm.org/
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A

B

Fig. 2. Human papillomavirus–associated usual-type endocervical adenocarcinoma. Irregular confluent glands composed of mucin-depleted
cells with pseudostratified, hyperchromatic nuclei (A). Tumor cells show a block-type immunohistochemical reaction for p16 (B).
Architectural findings

Cytoplasm

Monolayered honeycomb sheets of atypical endocervical cells
(Fig. 3B) were identified in eight cases and were extensive in
87.5% (7/8) of GEA patients; however, these were identified in
only 50.0% (6/12) of UEA patients and were extensive in only
one UEA case (8.3%) (p = .002). Three-dimensional clusters of
hyperchromatic nuclei were identified in 8 GEA and 12 UEA
cases (Fig. 3C) and were more extensive in UEA (11/12) than in
GEA patients (3/8; p = .010). Feathering clusters were also observed in 5/8 GEA cases and 9/12 UEA cases but were extensive
in only 4/12 UEA cases (p = .189) (Fig. 3D).

Vacuolar granular cytoplasm was extensive in 8/8 GEA patients (Fig. 4B). Vacuolar cytoplasm was also identified in 10/12
UEA cases but extensive in only two patients (p = .0.001). Cytoplasmic golden-brown mucin was identified in 5/8 GEA patients
but extensive in only one patient (Fig. 4C). Among UEA cases,
cytoplasmic golden-brown mucin was identified in only 2/12
cases and not extensive in any patient (p = .089). Intracytoplasmic neutrophils were identified in 8/8 GEA patients and prominent in six patients (Fig. 4D). Among UEA cases, intracytoplasmic neutrophils were also identified in 11 patients (11/12) and
extensive in six patients (p = .461). Among cytoplasmic features,
vacuolar granular cytoplasm was extensive in GEA cases (Table 3).
Both conventional smear and LBP were performed in only 5
GEA cases. The cytologic findings of GEA in LBP compared with
conventional smears included cleaner background with reduced
background mucin and smaller cellular sheets or clusters. On
conventional smears, two-toned mucin (golden-brown gastrictype and pink normal endocervical) was identified in GEA cases
(Fig. 4B).

Nucleus

Vesicular tumor cell nuclei were extensive in all GEA patients
(8/8) (Fig. 4A) but were also identified in 11/12 UEA patients
and were extensive in six subjects (p = .057). Nuclear hyperchromasia was present in all UEA patients (12/12) and extensive in
three patients. Nuclear hyperchromasia was also present in six
GEA cases (6/8) but not extensive in any GEA case (p = .082).
Nuclear grooves were present in all GEA patients (8/8) and extensive in two patients (Fig. 4A). Among UEA cases, nuclear
grooves were also present in 9/12 patients and extensive in one
patient (p = .230). Prominent nucleoli were present in 8/8 GEA
patients and extensive in five patients. Among UEA cases, nucleoli were present in 9/12 cases and extensive in three patients (p =
.146). INCIs were found in one GEA case and one UEA case (p =
.761). Among nuclear features, vesicular nuclei tended to be extensive in GEA cases but without statistical significance. Nuclear
hyperchromasia was more extensive in UEA cases but also without statistical significance.

https://jpatholtm.org/

DISCUSSION
According to a new World Health Organization classification,
adenocarcinomas of the uterine cervix are divided into HPV-associated and HPV-independent types with different implications for
prognosis [1]. The HPV-independent category includes gastric,
clear cell, mesonephric, and endometrioid types [1]. GEA, representing the most common HPV-independent adenocarcinoma,
is an aggressive tumor type with a poor prognosis regardless of
the degree of differentiation [9]. GEA should not be graded but
should be considered high-grade regardless of morphology [10].
https://doi.org/10.4132/jptm.2022.07.05
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Table 3. Cytologic findings of gastric-type adenocarcinoma (GEA)
and usual-type endocervical adenocarcinoma (UEA)
Cytologic finding
Mucinous background
Absent
Focal
Extensive
Architecture
Monolayered honeycomb-like sheet
Absent
Focal
Extensive
3-dimensional clusters
Absent
Focal
Extensive
Feathering
Absent
Focal
Extensive
Nuclei
Vesicular nuclei
Absent
Focal
Extensive
Hyperchromasia
Absent
Focal
Extensive
Nuclear groove
Absent
Focal
Extensive
Nucleoli
Absent
Focal
Extensive
Intranuclear pseudoinclusion
Absent
Focal
Extensive
Cytoplasm
Vacuolar/granular
Absent
Focal
Extensive
Golden-brown mucin
Absent
Focal
Extensive
Neutrophils
Absent
Focal
Extensive
https://doi.org/10.4132/jptm.2022.07.05

GEA (n=8) UEA (n=12)

pvalue
.058

2 (25.0)
2 (25.0)
4 (50.0)

2 (16.7)
9 (75.0)
1 (8.3)

0�
1 (12.5)
7 (87.5)

6 (50.0)
5 (41.7)
1 (8.3)

0�
5 (62.5)
3 (37.5)

0�
1 (8.3)
11 (91.7)

3 (37.5)
5 (62.5)
0�

3 (25.0)
5 (41.7)
4 (33.3)

0 (0.0)
0 (0.0)
8 (100.0)

1 (8.3)
5 (41.7)
6 (50.0)

2 (25.0)
6 (75.0)
0 (0.0)

0�
9 (75.0)
3 (25.0)

0 (0.0)
6 (75.0)
2 (25.0)

3 (25.0)
8 (66.7)
1 (8.3)

0 (0.0)
3 (37.5)
5 (62.5)

3 (25.0)
6 (50.0)
3 (25.0)

7 (87.5)
1 (12.5)
0�

11 (91.7)
1 (8.3)
0�

0�
0�
8 (100)

2 (16.7)
8 (66.7)
2 (16.7)

3 (37.5)
4 (50.0)
1 (12.5)

10 (83.3)
2 (16.7)
0�

0�
2 (25.0)
6 (75.0)

1 (8.3)
5 (41.7)
6 (50.0)

.002

.010

.189

.057

.082

.230

.146

.761

.001

.089

.461

Due to widespread HPV vaccination, the proportion of HPVindependent GEA may increase, rendering recognition of GEA
at an early stage even more important [11]. In the present study,
cytological findings of HPV-independent GEA were analyzed
and compared with HPV-associated UEA. Monolayered sheets
(p = .002) of atypical endocervical cells with vacuolar granular
cytoplasm (p = .001) were extensive in GEA; however, three-dimensional clusters (p = .010) were characteristic of UEA.
Kawakami et al. [12] reviewed the cytologic features of 14
GEA cases compared with 20 UEA control cases based on conventional Pap smear preparations. The characteristic cytologic findings of GEA included monolayered and honeycomb sheets,
vacuolar and/or foamy cytoplasm, intracytoplasmic neutrophil
entrapment, and vesicular nuclei with prominent nucleoli. Using LBP, tall columnar epithelial cells with pale, foamy or vacuolated cytoplasm were the most common cytologic findings of
GEA, followed by well-defined cytoplasmic borders [11]. Recently, Schwock et al. [13] reported cytomorphologic features of
GEA based on LBP. The most discriminatory findings for GEA
versus UEA were microvesicular cytoplasm (100% vs. 17%),
honeycomb-like sheets (87% vs. 8%), prominent nucleoli (93%
vs. 25%), and anisonucleosis (93% vs. 50%). UEA is cytologically
characterized by syncytial aggregates and 3-dimensional clusters of malignant cells with enlarged pleomorphic nuclei, coarse
chromatin, macronucleoli, and a finely vacuolated cytoplasm [7].
In the present study, monolayered and honeycomb sheets of
atypical endocervical cells were characteristic findings of GEA
cases compared with UEA cases (p = .002). Three-dimensional
clusters were significantly more extensive in UEA (11/12) than in
GEA patients (3/8, p = .010).
According to Kawakami et al. [12], a mucinous background
was significantly more common in GEA than in UEA cases (p =
.024) using the conventional method. In contrast, the so-called
“background” extracellular mucin may not be easily detectable
in LBP versus direct smears due to preparation-related, technical causes [13]. Background mucin may clump and cling to tumor cells in LBP instead of the diffuse distribution observed in
direct smears [14]. In general, the diagnostic usefulness of extracellular mucin is doubtful [13]. In the present study, a background extracellular mucin was identified in 6 GEA and 10 UEA
cases. This finding was more extensive in GEA (4/8) than in UEA
patients (1/12); however, the difference was not statistically significant (p = .058). The cytologic findings of GEA in LBP compared with conventional smears include cleaner background
with reduced background mucin and smaller cellular sheets or
clusters. Recently, the diagnostic characteristics to detect GEA
https://jpatholtm.org/
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Fig. 3. Human papillomavirus–independent gastric-type endocervical adenocarcinoma. Monolayered honeycomb-like sheets of atypical endocervical cells in a mucinous background (open arrowhead) (A, conventional smear; B, liquid-based preparation). Usual-type endocervical
adenocarcinoma. Three-dimensional clusters of hyperchromatic nuclei (C, conventional smear), feathering clusters (empty arrow), and occasional intranuclear cytoplasmic pseudoinclusions (inset, arrow) (D, conventional smear).

using the conventional approach, namely distinct cell borders and
prominent nucleoli, were reportedly not useful for excluding
UEA in LBP samples. The conventional direct smear provides
diagnostic indicators of GEA compared with LBP [15].
Golden-brown mucin on Pap smears appears to represent a
gastric phenotype of endocervical glandular cells that is a unique
characteristic shared by MDA and pyloric gland metaplasia.
Golden-brown mucin is also present in the context of benign
gastric-type glandular proliferations [16]. On conventional Pap
smears, identification of two-toned mucin (yellow gastric-type
and pink normal endocervical) has been proposed a diagnostic
indicator for lesions with gastric differentiation. However, recognizing yellow mucin on LBP is difficult because the mucin color
becomes paler [17]. Golden-brown mucin may not be a particularly sensitive feature for GEA detection, at least in LBP [11]. In
the present study, two-toned mucin was identified on conventional smears of GEA cases.
Golden-brown intracytoplasmic mucin was occasionally observed in GEA patients (6/14, 42.9%) but observed in only 1
https://jpatholtm.org/

UEA patient (1/20, 5%; p = .034) [12]. Golden-brown mucin
(20%), INCIs (20%), and goblet/Paneth-like cells (20%), although uncommon, represented unique features identified only
in GEA [13]. In the present study, cytoplasmic golden-brown
mucin was identified in 5/8 GEA cases and only 2/12 UEA cases; however, the difference was not statistically significant (p =
.089).
Intracytoplasmic neutrophil entrapment/phagocytosis was
identified in 93% of GEA and 70% of UEA cases (which included endometrial cytology in 12/20 cases). Marked intracytoplasmic neutrophil entrapment was more common in GEA (7/14,
50%) than in UEA cases (2/20, 10%; p = .038) [12]. In contrast,
neutrophil entrapment/phagocytosis was identified in a minority
(33%) of both GEA and UEA cases [13]. In the present study,
intracytoplasmic neutrophils among GEA and UEA cases were
not statistically significant (p = .461), indicating this feature is
of minimal utility for distinguishing between GEA and UEA.
Lobular endocervical glandular hyperplasia (LEGH) is a cervical lesion with pyloric gland metaplasia. Abundant yellow muhttps://doi.org/10.4132/jptm.2022.07.05
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Fig. 4. Human papillomavirus-independent gastric-type endocervical adenocarcinoma. Vesicular nuclei showing nuclear grooves (open arrowhead) (A, liquid-based preparation [LBP]). Atypical tumor cells having abundant vacuolar cytoplasm with golden-brown mucin (open arrowhead) in contrast with pink normal endocervical-type mucin (arrow) (B, conventional smear). Abundant foamy cytoplasm with distinct cell
borders and golden-brown mucin (open arrowhead) (C, LBP) and intracytoplasmic neutrophils (arrow) (D, LBP).
Table 4. Literature review summary of the pretreatment cytologic diagnosis of GEA cases
No. of cases
Preparation type
TBS classification
Unsatisfactory
NILM
AGC
AIS
HSIL
Adenocarcinoma

Kawakami et al. [12]

Lu et al. [11]

Schwock et al. [13]

Ryu et al. [15]

This study

Total, n (%)

14
CS

11
LBC

15
CS and LBC

8
CS and LBC

8
CS and/or LBC

56 (100)
CS and/or LBC

0
0
3
0
0
11

1
5
4
0
1
0

0
5
2
1
0
7

0
0
4
1
0
3

0
0
3
1
0
4

1 (1.8)
10 (17.9)
16 (28.6)
3 (5.4)
1 (1.8)
25 (44.6)

GEA, gastric-type endocervical adenocarcinoma; CS, conventional smear; LBC, liquid-based cytology; TBS, The Bethesda System; NILM, negative for intraepithelial lesion or malignancy; AGC, atypical glandular cells, not otherwise specified and favor adenocarcinoma; AIS, adenocarcinoma in situ; HSIL, highgrade squamous intraepithelial lesion.

cin was frequently present in both LEGH and MDA; however,
INCIs were found in 22/24 LEGH cases and not found in either
MDA or adenocarcinoma cells associated with LEGH [18]. INCIs were identified in a minority (20%) of GEA cases and not in
any UEA case [13]. In the present study, INCIs were identified
in 1 GEA case and 1 UEA case (p = .761) (Fig. 3D).
Cytologic diagnosis of GEA is problematic and may be diffihttps://doi.org/10.4132/jptm.2022.07.05

cult to recognize in cytologic specimens. In the present study,
preoperative cytologic diagnoses included AGCs, favor neoplastic
in three cases, AIS in one case, and adenocarcinoma in four cases.
Preoperative cytologic diagnoses of the previously reported GEA
cases were reviewed [11-13,15] including the eight cases used in
this study (Table 4). Among a total of 56 cases, the original cytologic interpretations were the following: negative for intraepihttps://jpatholtm.org/
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thelial lesion or malignancy (n = 10, 17.9%); AGC, not otherwise specified/favor neoplastic (n = 16, 28.6%); AIS (n = 3, 5.4%);
high-grade squamous intraepithelial lesion (n = 1, 1.8%); adenocarcinoma (n = 25, 44.6%); unsatisfactory for evaluation (n = 1,
1.8%) (Table 4).
In cytologic differential diagnosis of GEA, non-neoplastic atypical glandular changes and syncytial aggregates/hyperchromatic
crowded groups (HCGs) should also be considered. In patients
with an intrauterine device, the endocervical cells are large and
have smooth nuclei with smudged chromatin, prominent nucleoli, and occasional nuclear clefts. Large degenerative cytoplasmic
vacuoles push the nucleus toward the periphery [7]. In a reparative process, sheets of atypical endocervical cells have enlarged
nuclei with increased nuclear to cytoplasmic ratios, sometimes
multiple nucleoli, and mitotic activity. A regular honeycomb arrangement of reactive endocervical cells is also a cytologic feature
of non-neoplastic HCGs [19]. Endocervical or endometrial cells
presenting as HCGs may mimic glandular high-grade precancers. Atypical endocervical cells associated with tubal metaplasia can be challenging due to nuclear overlapping and crowding
of enlarged, variably sized nuclei; however, identification of cilia
and pseudostratified nuclei can be helpful [7].
In conclusion, GEA can be recognized based on cytologic features of monolayered honeycomb sheets of atypical endocervical
cells with abundant vacuolar cytoplasm and some golden-brown
intracytoplasmic mucin. In contrast, three-dimensional clusters,
feathering, and nuclear hyperchromasia tended to be extensive
in UEA. Awareness of the cytomorphologic features of GEA will
allow pathologists to recognize and accurately diagnose this rare
and aggressive entity.
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Special AT-rich sequence-binding protein 2 (SATB2) in the differential
diagnosis of osteogenic and non-osteogenic bone and soft tissue tumors
Sharon Milton1, Anne Jennifer Prabhu1, V. T. K. Titus2, Rikki John3, Selvamani Backianathan4, Vrisha Madhuri5
Departments of 1Pathology, 2Orthopaedics, 3Paediatric Oncology and Haematology, 4Radiotherapy, and 5Paediatric Orthopaedics, Christian Medical College Vellore,
Tamil Nadu, India

Background: The diagnosis of osteosarcoma (OSA) depends on clinicopathological and radiological correlation. A biopsy is considered
the gold standard for OSA diagnosis. However, since OSA is a great histological mimicker, diagnostic challenges exist. Immunohistochemistry (IHC) can serve as an adjunct for the histological diagnosis of OSA. Special AT-rich sequence-binding protein 2 (SATB2) was
recently described as a reliable adjunct immunohistochemical marker for the diagnosis of OSA. Methods: We investigated the IHC expression of SATB2 in 95 OSA and 100 non-osteogenic bone and soft tissue tumors using a monoclonal antibody (clone EPNCIR30A).
The diagnostic utility of SATB2 and correlation with clinicopathological parameters were analyzed. Results: SATB2 IHC was positive in
88 out of 95 cases (92.6%) of OSA and 50 out of 100 cases (50.0%) of primary non-osteogenic bone and soft tissue tumors. Of the 59
bone tumors, 37 cases (62.7%) were positive for SATB2, and of the 41 soft tissue tumors, 13 cases (31.7%) were positive for SATB2.
The sensitivity of SATB2 as a diagnostic test was 92.6%, specificity 50%, positive predictive value 63.8%, and negative predictive value
87.7%. Conclusions: Although SATB2 is a useful diagnostic marker for OSA, other clinical, histological and immunohistochemical features should be considered for the interpretation of SATB2.
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Osteosarcoma (OSA) is the second most common primary malignant bone tumor after multiple myeloma. Although the overall
worldwide incidence of OSA among primary bone tumors is 4 to
5 per million population, the incidence in India is 4.7% to 11.6%
of all childhood malignancies [1,2].
The diagnosis of OSA involves clinicopathological and radiological correlation. Immunohistochemistry (IHC) can be used
as an adjunct to histology where the diagnosis is challenging,
especially in small biopsies. Various immunohistochemical
markers such as osteocalcin, osteonectin, murine double minute
2, and cyclin-dependent kinase 4 have been studied in the past
to diagnose OSA, but not used routinely. A few other non-specific antigens expressed in OSA include S100, actin, smooth
muscle actin, neuron-specific enolase, and CD99 [3]. One recent
study found strong and diffuse YJ5 immunohistochemical expression in benign and malignant bone tumors with osteoblastic
lineage [4]. Aberration in the Wnt signaling pathway contributes

to the tumorigenesis of many bone and soft tissue sarcomas by
disrupting osteoblast function and bone homeostasis. Wntless
(WLS) is an upstream protein in the Wnt pathway, and antiWntless/anti-GPR 177 mouse monoclonal antibody (clone: YJ5)
is specific to human WLS and therefore can be used as an immunohistochemical marker of Wnt pathway abnormality in osteogenic bone tumors. In their study of immunohistochemical staining,
the primary antibody used was YJ5 (EMD Millipore, Burlington,
MA, USA), a commercially available mouse monoclonal antibody.
SATB2 is a chromatin remodelling gene located on chromosome 2q33.1 [5]. Special AT-rich sequence-binding protein 2
(SATB2) is a nuclear matrix protein that binds to nuclear matrix attachment regions and is involved in transcription regulation and chromatin remodelling [6]. SATB2 is expressed in osteoblasts mainly in the newly formed bone at sites of mandibular
bone defects. It is found to orchestrate the expression of certain
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osteogenic transcription factors and matrix proteins, thereby
playing a vital role in osteoblastogenesis [7].
Conner and Hornick [8] studied the expression of SATB2 in
OSA and other bone and soft tissue tumors and evaluated its diagnostic capability. They concluded that SATB2 is a marker of osteoblastic differentiation in benign and malignant mesenchymal
tumors. In addition, they inferred that SATB2 has the potential
to be a helpful adjunct in specific settings like distinguishing
hyalinized collagen from osteoid [8].
Although a few south-east Asian studies have acknowledged
SATB2 as a potential adjunct for the diagnosis of OSA [9], to
our knowledge, this is the first study that has aimed to assess the
immunohistochemical expression of SATB2 in OSA and compare
it with other primary bone and soft tissue tumors in this region.
We have evaluated the diagnostic capability of SATB2 and have
also correlated its expression in OSA with relevant histological
features.

MATERIALS AND METHODS
This study is retrospective and was carried out in the Department of Pathology, Christian Medical College Vellore, Tamil
Nadu, India. The study used archived stained and mounted hematoxylin and eosin (H&E) slides and formalin-fixed paraffin-embedded (FFPE) blocks of all small biopsies diagnosed as OSA,
before chemotherapy, and selected cases diagnosed as non-osteogenic soft tissue and bone tumors on small biopsies and resection
specimens, over 2 years.
Ultimately, 95 cases of OSA and 100 cases of non-osteogenic
soft tissue and bone tumors were included. Of the 95 cases of OSA,
eight cases (8.4%) had undergone decalcification, 38 cases (40.0%)
had undergone mild decalcification and 49 (52%) did not undergo
decalcification at the time of processing. Of the 100 non-osteoTable 1. Non-osteogenic bone and soft tissue tumors
Bone tumors (n = 59)

Soft tissue tumors (n = 41)

Aneurysmal bone cyst (18)
Giant cell tumor (13)
Chondrosarcoma (8)
Ewing sarcoma (6)
Chondroblastoma (5)
Fibrous dysplasia (4)
Adamantinoma (2)
Mesenchymal chondrosarcoma (2)
Poorly differentiated round cell
sarcoma (1)

Leiomyosarcoma (9)
Synovial sarcoma (7)
Undifferentiated pleomorphic sarcoma (6)
Fibromatosis (5)
Liposarcoma (3)
Malignant peripheral nerve sheath
tumor (3)
Rhabdomyosarcoma (3)
Clear cell sarcoma of soft tissue (2)
Epithelioid sarcoma (1)
Extraskeletal myxoid chondrosarcoma (1)
Angiosarcoma (1)

https://doi.org/10.4132/jptm.2022.07.11

genic tumors, 18 cases (18.0%) had undergone decalcification,
17 cases (17.0%) had undergone mild decalcification and 65
(65.0%) did not undergo decalcification at the time of processing.
Of the 100 cases in the non-osteogenic tumors group (Table
1), 59 were bone tumors, and 41 were soft tissue tumors.
Relevant clinical and radiological data were retrieved from
electronic medical records and pathology reports and comprised
age, sex, radiological location, radiological tumor size, staging
(Enneking staging), metastasis, history of radiation exposure, or
Paget’s disease. The elevated serum levels of alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) were noted when
available.
The slides were reviewed for histology and grading by two pathologists (A.J.P. and S.M.). The 8th edition of the American Joint
Committee on Cancer and International Union Against Cancer
staging system for bone tumors includes a 3-grade system but
effectively collapses into high grade and low grade. Conventional
OSA is considered grade 3 (high-grade) sarcoma. Since our assessment of the grade of the tumor was on small biopsy specimens,
those cases in which the degree of atypia was insufficient for the
diagnosis of grade 3 (high grade) were classified as grade 2 (intermediate grade). However, for treatment purposes, the tumors included in the intermediate histological grade were considered as
a high grade for biological grading.
A representative FFPE block from each specimen was chosen
for analysis by IHC after H&E examination. The primary SATB2
antibody (rabbit monoclonal antibody, clone EPNCIR30A, Abcam, Cambridge, UK) was used in all cases with a dilution of
1:100. Colonic epithelium served as the positive control. IHC
assays were performed on a VENTANA BenchMark XT autostainer (Tucson, AZ, USA) according to the manufacturer’s instructions. We analyzed SATB2 expression on the entire 4 μm tissue sections of the representative FFPE block.
SATB2 expression was assessed in neoplastic cells. Neoplastic
cells of OSA are spindle to polygonal with moderate to markedly
pleomorphic nuclei and conspicuous nucleoli. Nuclear staining in
the tumor cells was considered positive staining. Nuclear staining of
osteoblasts and osteocytes was not considered positive. Faint nonspecific staining of stromal cells was also considered negative.
In the non-osteogenic tumors, immunoreactivity was interpreted as positive or negative based on the nuclear staining in the neoplastic cells of that tumor.
SATB2 expression proportion score was assessed as the percentage of positive nuclear expression on tumor cells. SATB2
proportion score was graded as 0, no staining; 1+, < 5% ; 2+,
5%–25%; 3+, 26%–50%, 4+, 51%–75%; and 5+, 76%–
https://jpatholtm.org/
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100% [8] and staining intensity was recorded as weak, moderate and strong (Fig 1). For the purpose of analysis, cases with no
SATB2 staining (proportion score 0) were considered SATB2
negative and the cases with any proportion of SATB2 staining
(proportion scores 1+ to 5+) were considered SATB2 positive.
The staining intensities were also observed and recorded in all
the cases, with no definite intensity cutoff [10].
The study data were summarized using descriptive statistics.
Data was entered using EpiData ver. 3.1 and statistical analysis
was carried out using SPSS software ver. 17 (SPSS Inc., Chicago,
IL, USA). In all the statistical analyses a p-value of < .05 was
considered to be statistically significant. The sensitivity, specificity,
positive predictive value, and negative predictive value were calculated.

years (range, 6 to 65 years), and 58% were under the age of 20
years. The most common site was the femur (49.5%) followed
by the tibia (28.4%). Radiologically, the most common location was meta-diaphyseal (62.1%) with a mean size of 12 cm,
and the majority were Enneking staging IIB (61%). Of the 95
cases, 29 had metastasis at presentation. Two cases had a history
of Paget’s disease, 42% of cases had elevated ALP levels, and 20%
had elevated LDH levels.
The most common histological subtype (Fig. 2) observed in
our study was osteoblastic (64.2%) followed by chondroblastic
(30.5%). Other subtypes were giant cell-rich (2.1%), fibroblastic (2.1%), and telangiectatic (1.1%). The most common cell
morphology observed was spindle cells, along with polygonal and
bizarre cells (30.5%). The presence of osteoid was found in 88.4%
of the OSA cases, and 78.9% of cases had high-grade morphology.

RESULTS
SATB2 expression in OSA cases

The study group included 95 OSA cases and 100 non-osteogenic primary bone and soft tissue tumors. In the OSA cases,
there was a male predominance (75.8%), the mean was 18.0

Of the 95 cases of OSA, 88 (92.6%) showed nuclear positivity
for SATB2 in the neoplastic cells with a median staining proportion score of 4+ (Table 2). These 88 cases included 57 osteoblastic

A

B

C

D

E

F

Fig. 1. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in neoplastic cells in conventional osteosarcoma. (A) Fibroblastic
osteosarcoma, 1+ strong SATB2 in spindle cells. (B) Chondroblastic osteosarcoma, 2+ weak SATB2 in malignant chondrocytes. (C) Osteoblastic osteosarcoma, 3+ moderate SATB2 in spindle cells. (D) Telangiectatic osteosarcoma, 4+ strong SATB2 in spindle cells. (E) Osteoblastic
osteosarcoma, 5+ strong SATB2 in spindle cells. (F) Chondroblastic osteosarcoma, negative for SATB2 in chondrocytes and spindle cells.
https://jpatholtm.org/
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Fig. 2. Histological subtypes of osteosarcoma: (A) osteoblastic osteosarcoma, (B) chondroblastic osteosarcoma, (C) fibroblastic osteosarcoma, (D) giant cell-rich osteosarcoma, and (E) telangiectatic osteosarcoma.
Table 2. SATB2 staining proportion scores among the various histological subtypes of OSA
Histological subtype
Osteoblastic (n = 61)
Chondroblastic (n = 29)
Fibroblastic (n = 2)
Telangiectatic (n = 1)
Giant cell rich (n = 2)

SATB2 negative

SATB2 1+

SATB2 2+

SATB2 3+

SATB2 4+

SATB2 5+

4 (6.5)
3 (10.4)
0
0
0

4 (6.5)
5 (17.2)
1 (50.0)
0
0

8 (13.1)
2 (6.9)
0
0
0

7 (11.5)
6 (20.7)
0
0
0

18 (29.5)
7 (24.1)
1 (50.0)
1 (100)
1 (50.0)

20 (32.8)
6 (20.7)
0
0
1 (50.0)

Values are presented as number (%).
SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma.

cases, 26 chondroblastic cases, both of the fibroblastic and giant
cell-rich cases, and one telangiectatic case.
In 27/95 of the OSA cases, the staining was 4+. On further
analysis, 20/61 cases of the osteoblastic subtype and 7/29 cases of
the chondroblastic subtype showed SATB2 positivity in osteoblastic/fibroblastic differentiation and showed limited staining
in chondroblastic differentiation. Two fibroblastic OSA, one case of
telangiectatic OSA and two cases of giant cell-rich OSA showed
SATB2 positive staining in the tumor cells but were negative in
the osteoclast-type giant cells.
On analyzing the intensity of the staining, a strong intensity
of SATB2 staining was seen in 45 (51.1%) OSA cases (Table 3),
comprising 29 osteoblastic cases, 12 chondroblastic cases, one fihttps://doi.org/10.4132/jptm.2022.07.11

Table 3. SATB2 intensity of staining among the various histological subtypes of OSA
Histological subtype
Osteoblastic (n = 57)
Chondroblastic (n = 26)
Fibroblastic (n = 2)
Telangiectatic (n = 1)
Giant cell rich (n = 2)

SATB2 strong SATB2 moderate SATB2 weak
29 (50.9)
12 (46.2)
1 (50.0)
1 (100)
2 (100)

14 (24.5)
11 (42.3)
0
0
0

14 (24.5)
3 (10.5)
1 (50.0)
0
0

Values are presented as number (%).
SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma.

broblastic case, both giant cell-rich cases, and the one telangiectatic case. However, interpretation of intensity is too subjective to
be used in routine practice with a definite cutoff.
The clinical, biochemical, radiological, and histological paramhttps://jpatholtm.org/
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eters did not correlate with the SATB2 expression indicated by
IHC, as depicted in Table 4.

Table 4. Comparison of SATB2 expression in OSA cases with clinical, radiological, and histological parameters.
SATB2 SATB2
ppositive negative value

Parameter

SATB2 expression in non-osteogenic tumors

Of the 59 bone tumors, 37 cases (62.7%) were positive and
22 cases (37.3%) were negative for SATB2, and of the 41 soft tissue tumors, 13 cases (31.7%) were positive and 28 cases (68.3%)
were negative for SATB2. The proportion and intensity of
SATB2 in non-osteogenic tumors are detailed in Tables 5 and 6.
Non-osteogenic bone tumors

All 13 cases of giant cell tumor (GCT) were positive for SATB2
in the neoplastic mononuclear cells and all four cases of fibrous
dysplasia were positive for SATB2 in the bland fibroblastic spindle cells. Thirteen out of 18 cases of aneurysmal bone cyst (ABC)
were positive for SATB2 in the bland spindle-shaped cells. Four
out of five cases of chondroblastoma were positive for SATB2 in
the chondroblasts. Two out of eight cases of chondrosarcoma
showed positive staining in the neoplastic chondrocytes. One
case of adamantinoma was negative and one case showed positive staining in both mesenchymal and epithelial components.
All six cases of Ewing sarcoma, two cases of mesenchymal chondrosarcoma, and one case of poorly differentiated round cell tumor were negative for SATB2.
In 12/13 cases of GCT, all four cases of fibrous dysplasia, two
cases of chondroblastoma and one case of adamantinoma showed
a strong intensity of staining. Seven out of 18 cases of ABC
showed moderate staining. Two cases of chondroblastoma showed
weak staining (Fig. 3).
Non-osteogenic soft tissue tumors

Two of the five cases of desmoid fibromatosis, two of nine cases of leiomyosarcoma, one case of epithelioid sarcoma (proven by
loss of INI-1 immunohistochemistry staining), one out of six
cases of undifferentiated pleomorphic sarcoma, one out of three
cases of malignant peripheral nerve sheath tumors (MPNST), one
embryonal subtype out of three rhabdomyosarcomas (RMS) and
one (positive for SYT-SSX1 translocation by polymerase chain
reaction) of the six synovial sarcoma cases showed positive staining in neoplastic cells. All the three cases of well-differentiated
liposarcoma, the one case of extraskeletal myxoid chondrosarcoma,
and the two cases of clear cell sarcoma of soft tissue were negative
for SATB2.
One case of angiosarcoma and one case of epithelioid sarcoma
showed strong staining. Two cases of leiomyosarcoma and one
case each of MPNST, RMS, and synovial sarcoma showed modhttps://jpatholtm.org/

Age (yr)
< 20
≥ 20
Sex
Male
Female
Site
Femur and tibia
Fibula, humerus, pelvis and others
Radiological location
Metaphyseal and diaphyseal
Others
Radiological size (cm)
< 20
≥ 20
Enneking staging
Stage III
Stage IB and IIB
Histological subtype
Osteoblastic and
chondroblastic
Fibroblastic, telangiectatic and giant cell rich
Cell morphology
Spindle and polygonal and spindle,
polygonal and bizarre
Others
Cartilage
Absent
Present
Osteoid
Present
Absent
Cellularity
Mild
Moderate
Marked
Pleomorphism
Mild
Moderate
Severe
Mitosis
0–5/10 hpf
6–9/10 hpf
≥ 10/10 hpf
Necrosis
Yes
No
Grade
Intermediate (conventional OSA)
High (conventional OSA)
Elevated ALP
Yes
No
Not available

>.99
51 (58.0) 4 (57.1)
37 (42.0) 3 (42.9)
>.99
66 (75.0) 6 (85.7)
22 (25.0) 1 (14.3)
.203
67 (76.1) 7 (100)
21 (23.9) 0
>.99
55 (63.2) 4 (57.1)
33 (37.5) 3 (42.9)
.425
82 (93.2) 6 (87.5)
6 (6.8) 1 (14.3)
.433
26 (29.9) 3 (42.9)
62 (70.5) 4 (57.1)
.684
83 (94.3) 7 (100)
5 (5.7)

0
.698

46 (52.9) 4 (57.1)
42 (47.1) 3 (42.9)
.684
59 (67)
29 (33)

4 (57.1)
3 (42.9)
.590

78 (88.6) 6 (85.7)
10 (11.4) 1 (14.3)
.763
12 (13.6) 1 (14.3)
66 (75.0) 6 (85.7)
10 (11.4) 0�
.770
3 (3.4) 0�
53 (60.2) 5 (71.4)
32 (36.4) 2 (28.6)
.413
53 (60.2) 4 (57.1)
22 (25)
3 (42.9)
13 (14.8) 0
>.99
45 (51.1) 4 (57.1)
43 (48.9) 3 (42.9)
.673
19 (21.6) 1 (14.3)
69 (78.4) 6 (85.7)
.782
36 (40.9) 4 (57.1)
33 (37.5) 2 ( 28.6)
19 (21.6) 1 (14.3)

SATB2, special AT-rich sequence-binding protein 2; OSA, osteosarcoma;
ALP, alkaline phosphatase.
https://doi.org/10.4132/jptm.2022.07.11
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Table 5. Proportion of SATB2 expression among various non-osteogenic tumors
Tumor
Bone tumor
Aneurysmal bone cyst (n = 18)
Giant cell tumor (n = 13)
Chondrosarcoma (n = 8)
Ewing sarcoma (n = 6)
Chondroblastoma (n = 5)
Fibrous dysplasia (n = 4)
Adamantinoma (n = 2)
Mesenchymal chondrosarcoma (n = 2)
Poorly differentiated round cell sarcoma (n = 1)
Total (n = 59)
Soft tissue tumor
Leiomyosarcoma (n = 9)
Synovial sarcoma (n = 7)
Undifferentiated pleomorphic sarcoma (n = 6)
Fibromatosis (n = 5)
Liposarcoma (n = 3)
Malignant peripheral nerve sheath tumor (n = 3)
Rhabdomyosarcoma (n = 3)
Clear cell sarcoma of soft tissue (n = 2)
Epithelioid sarcoma (n = 1)
Extraskeletal myxoid chondrosarcoma (n = 1)
Angiosarcoma (n = 1)
Total (n = 41)

SATB2 negative

1+

2+

3+

4+

5+

5
6
6
1
1
2
1
22

2
1
2
5

2
2
4

8
2
1
11

1
2
1
2
6

8
2
1
11

5
6
5
2
3
2
2
2
1
28

1
1
2

2
1
1
-

1
1
2
1
-

1
1
-

-

4

5

2

-

SATB2, special AT-rich sequence-binding protein 2.

Table 6. SATB2 intensity of staining in non-osteogenic tumors

SATB2 as a diagnostic test

Tumor

The diagnostic capability of SATB2 IHC for OSA compared
to non-osteogenic bone and soft tissue tumors was calculated.
The sensitivity of SATB2 as a diagnostic test was 92.6% (95%
confidence interval, 85.4% to 97.0%). The specificity was 50.0%
(95% confidence interval, 39.8% to 60.2%). The positive predictive was 63.8% (95% confidence interval, 55.2% to 71.8%). The
negative predictive value was 87.7% (95% confidence interval,
76.3% to 94.9%). Hence, in our study, we found that SATB2 as
a diagnostic marker is highly sensitive with a good negative predictive value.

Strong Moderate Weak

Bone tumor
Giant cell tumor (n = 13)
12
Aneurysmal bone cyst (n = 13)
5
Chondroblastoma (n = 4)
2
Fibrous dysplasia (n = 4)
4
Chondrosarcoma (n = 2)
Adamantinoma (n = 1)
1
Total
24
Soft tissue tumor
Leiomyosarcoma (n = 4)
Fibromatosis (n = 3)
Angiosarcoma (n = 1)
1
Epithelioid sarcoma (n = 1)
1
Undifferentiated pleomorphic sarcoma (n = 1) Malignant peripheral nerve sheath tumor (n = 1)
Rhabdomyosarcoma (n = 1)
Synovial sarcoma (n = 1)
Total
2

1
7
8

1
2
2
5

2
1
1
1
5

2
3
1
6

SATB2, special AT-rich sequence-binding protein 2.

erate staining. All the three cases of desmoid fibromatosis, two
cases of leiomyosarcoma and one case of undifferentiated pleomorphic sarcoma showed weak staining (Fig. 4).

https://doi.org/10.4132/jptm.2022.07.11

DISCUSSION
Differentiating OSA from non-osteogenic bone and soft tissue
tumors is crucial as neo-adjuvant chemotherapy and surgical
management are significantly different between OSA and other
malignant tumors [11]. OSA is a great histological mimicker
and causes diagnostic challenges, especially in small tissue biopsies [9]. The diagnostic difficulties are especially pertinent in lesions in very young children where bone lymphomas form a major
differential diagnosis and in unusual lesions such as a post-radiation tumor. The diagnosis is relatively straightforward in the
https://jpatholtm.org/
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A

B

C

D

E

F

G

H

I

J

K

L

Fig. 3. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in non-osteogenic bone tumors. (A, B) Aneurysmal bone cyst,
3+ strong SATB2. (C, D) Giant cell tumor, 4+ strong SATB2. (E, F) Chondroblastoma 3+ strong SATB2. (G, H) Fibrous dysplasia, 5+ strong
SATB2. (I, J) Chondrosarcoma, 1+ weak SATB2. (K, L) Adamantinoma, 4+ strong SATB2.

https://jpatholtm.org/
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A

B

C

D

E

F

G

H

I

J

Fig. 4. Special AT-rich sequence-binding protein 2 (SATB2) immunostaining in non-osteogenic soft tissue tumors. (A, B) Undifferentiated
pleomorphic sarcoma, 2+ weak SATB2. (C, D) Fibromatosis, 3+ weak SATB2. (E, F) Malignant peripheral nerve sheath tumor, 3+ moderate
SATB2. (G, H) Intermediate grade leiomyosarcoma, 3+ moderate SATB2. (I, J) Synovial sarcoma, 4+ moderate SATB2.

https://doi.org/10.4132/jptm.2022.07.11
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presence of neoplastic osteoid, but in the following circumstances
can pose challenges: (1) primary bone tumors with scant or absent
osteoid formation; (2) differentiating osteoid from hyalinised
collagen; (3) sclerosing stromal tissue or reactive bone; (4) small
cell OSA mimicking other small round cell malignancies of the
bone; (5) low-grade OSA that can mimic fibrous dysplasia; (6) differentiating extraskeletal OSA from other primary soft tissue tumors; (7) the identification of giant cell-rich OSA vs. other giant
cell-rich tumors; (8) bizarre tumor cell morphology and heterologous differentiation; (9) metastatic spindle cell sarcoma in
the lung with no osteoid; and (10) sampling error in terms of the
biopsy under-representing the diagnostically important components of the tumor. In such cases, IHC can be used as an adjunct
to histological diagnosis, especially to rule out OSA in cases where
osteoid is not present.
In our study, 92.6% of OSA cases were positive for SATB2.
The median score of OSA staining was 4+.
Of the 7/95 (7.4%) OSA cases that were negative for SATB2,
six cases showed osteoid, and three cases showed the presence of
cartilage. However, three of these cases had undergone decalcification while processing, which may have affected the SATB2
immunoreactivity. The radiology of two of these cases was suggestive of OSA while the radiology of four cases was only reported
as suggestive of primary bone tumor. Only one case was followed
by resection, which proved the diagnosis of OSA. In a study by
Davis and Horvai [10], three out of 48 cases (6.2% cases) were
negative for SATB2. In another study by Machado et al. [12], four
out of 42 cases (9.6% cases) were negative for SATB2.
Of the 59 non-osteogenic bone tumors, 62.7% were positive
for SATB2 and of the 41 soft tissue tumors, 31.7% were positive
for SATB2.
The majority of GCT cases were strongly positive for SATB2
in our study. This finding is consistent with those of previous
studies, where the authors explain that stromal cells may be either
immature proliferating osteogenic elements or specialized osteoblast-like cells that fail to show neoplastic features but can induce the differentiation of osteoclast precursors [13-15]. In our
study, all four cases of fibrous dysplasia were strongly positive for
SATB2 and had a staining score of 4+ and 5+ in two cases, each
in the spindle cells. This is in keeping with the study by Conner
and Hornick [8]. In a study by Grad-Akrish et al. [16], all cases
of fibro-osseous lesions of the jaw (n=42) including nine fibrous
dysplasia showed diffuse staining patterns in the spindle cells
and the staining intensity was moderate or strong in 96% of the
intra-osseous fibro-osseous lesions included in the study. However,
they observed that SATB2 showed only weak and focal expreshttps://jpatholtm.org/

sion in the spindle cells adjacent to reactive bone tissue (periosteal
bone reaction). In fibrous dysplastic bone, the increased expression of cAMP by the mutated lesional cells is associated with
abnormal osteoblast differentiation and the formation of defective bone, characterized by changes in the bone matrix organization and in mineralization [17]. Most of the cases of aneurysmal bone cysts in our study were positive for SATB2. This is in
contrast to the study by Conner et al. where all five cases of ABC
were negative for SATB2. We hypothesize that it is because of
the osteoblast lineage associated with cadherin-11 rearrangement [18]. SATB2 was positive in ABC in our study. However,
further studies are needed to validate this hypothesis and to determine the exact cause of SATB2 expression in ABC.
In our study, most cases of chondroblastoma were weak to
strongly positive for SATB2, which is in keeping with the study by
Conner and Hornick [8]. Some authors have proposed that these
tumors can produce osteoid, lack collagen type II expression, and
isocitrate dehydrogenase mutations [19]. In the present study,
two cases of grade 2 chondrosarcoma showed a weak positivity
for SATB2, while five cases of grade 1 and one case of grade 2
chondrosarcoma were negative for SATB2. In comparison, 7/29
cases of chondroblastic OSA showed a staining proportion of 4+
in the areas with osteoblastic differentiation and showed limited
staining in areas with chondroblastic differentiation. In a study
by Conner and Hornick [8], all 10 cases of conventional chondrosarcoma were negative for SATB2 while 8/11 dedifferentiated chondrosarcoma were positive for SATB2 because of heterologous osteoblastic differentiation. In another study [12], of the
14/31 cases of conventional chondrosarcoma, the staining was
more frequent and intense in grade 3 chondrosarcoma and uncommon in chondrosarcoma grade 1. The occasional weak positivity observed in undifferentiated pleomorphic sarcoma in our
study is similar to that of Conner and Hornick [8], which could
possibly represent foci of early osteoblastic differentiation.
In our study, the sensitivity of SATB2 was 92.6% with a negative predictive value of 87.7% and a specificity of 50.0%. These
observations are similar to those of Davis and Horvai [10] who
while evaluating the expression of SATB2 in 48 pre-treated OSA
biopsies and 36 non-osteogenic bone sarcomas, showed a sensitivity
of 94% and a specificity of 55%. The stronger intensity staining
they observed in OSA was very similar to our results. However,
due to the high subjectivity in the interpretation of intensity [10],
statistical analysis of intensity was not attempted.
To the best of our knowledge, this is the first southeast Asian
study that aimed to assess the immunohistochemical expression
of SATB2 in OSA while also comparing it with non-osteogenic
https://doi.org/10.4132/jptm.2022.07.11
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primary bone and soft tissue tumors.
However, there are a few limitations to our study. Of the
7/95 cases of OSA that were negative for SATB2, only one had a
subsequent resection and was reported as OSA. Also, 3/7 SATB2
negative OSA cases had undergone decalcification while processing which may have affected SATB2 immunoreactivity. In addition, though there were 100 cases in the comparison arm, the
number of cases of each histological subtype was small.
While SATB2 is a highly sensitive marker due to the high
negative predictive value, it lacks specificity owing to the immunopositivity observed in various non-osteogenic bone and soft
tissue tumors such as giant cell tumors, fibrous dysplasia, aneurysmal bone cysts, chondroblastoma, chondrosarcoma, adamantinoma, desmoid fibromatosis, leiomyosarcoma, epithelioid sarcoma, undifferentiated pleomorphic sarcoma, malignant
peripheral nerve sheath tumors, rhabdomyosarcoma, and synovial sarcoma.
The high negative predictive value of 87.7% makes SATB2 a
useful negative marker for a rule-out test. In small biopsies, SATB2
serves as a valuable adjunct in the appropriate clinical setting.
However, in view of the low specificity, its expression needs to
be correlated clinicoradiologically, especially in the absence of
detectable osteoid matrix in a small biopsy.
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Prognostic significance of BLK expression in R-CHOP treated
diffuse large B-cell lymphoma
Soyeon Choi1, Yoo Jin Lee2, Yunsuk Choi3, Misung Kim1, Hyun-Jung Kim4, Ji Eun Kim5,
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Background: The aim of the present study was to evaluate the prognostic significance of B-cell lymphocyte kinase (BLK) expression for
survival outcomes in diffuse large B-cell lymphoma (DLBCL) patients treated with R-CHOP. Methods: We retrospectively analyzed the
medical records of 89 patients from two tertiary referral hospitals. The expression of BLK, SYK, and CDK1 were evaluated in a semiquantitative method using an H-score, and the proportions of BCL2 and C-MYC were evaluated. Results: A total of 89 patients received
R-CHOP chemotherapy as a first-line chemotherapy. The expression rates of BLK in tumor cells was 39.2% (n = 34). BLK expression
status was not significantly associated with clinical variables; however, BLK expression in tumor cells was significantly associated with
the expression of both C-MYC and BCL2 (p = .003). With a median follow-up of 60.4 months, patients with BLK expression had significantly lower 5-year progression-free survival (PFS) and overall survival rates (49.8% and 60.9%, respectively) than patients without BLK
expression (77.3% and 86.7%, respectively). In multivariate analysis for PFS, BLK positivity was an independent poor prognostic factor
(hazard ratio, 2.208; p = .040). Conclusions: Here, we describe the clinicopathological features and survival outcome according to expression of BLK in DLBCL. Approximately 39% of DLBCL patients showed BLK positivity, which was associated as a predictive marker
for poor prognosis in patients who received R-CHOP chemotherapy.
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Rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) is a standard first-line treatment for diffuse large B-cell lymphoma (DLBCL). DLBCL is an aggressive
lymphoid neoplasm with heterogeneous clinical behavior that
shows significantly improved survival outcomes with R-CHOP
treatment [1,2]. While the international prognostic index (IPI) is
useful in clinical practice, it does not fully reflect the biologic spectrum of DLBCL [3]. Adverse biological features have been investigated based on treatment outcomes in patients with DLBCL.
The C-MYC/BCL2 dual expresser status and a higher rate of gepISSN 2383-7837
eISSN 2383-7845

netic abnormalities have been shown to contribute to the activated
B-cell like (ABC) phenotype of the cell-of-origin classification
in DLBCL [4,5]. However, a conclusive determination has not been
established, and other biological factors are under investigation.
B-cell lymphocyte kinase (BLK) is one of the Src-family protein
tyrosine kinases (SFKs) specifically expressed in B-lineage cells,
thymocytes, pancreatic β-cells, and epithelial carcinoma cells [6-8].
The main BLK expression is in B cells, specifically from pro-B to
B cells. Expression is diminished during development into plasma
cells and is involved in the proliferation and differentiation of B

© 2022 The Korean Society of Pathologists/The Korean Society for Cytopathology

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

281

282 • Choi S et al.

cells [9,10]. B-cell receptor (BCR) formation is a principal developmental checkpoint where several Src-related kinases play redundant roles during B-cell differentiation, and the Src-related
kinase BLK appears to effect functions associated with BCRs.
Expression of active BLK in B cells results in a responsiveness of
B progenitor cells to cytokines and leads to proliferation of these
cells [11]. Spleen tyrosine kinase (SYK) and BLK kinase are recruited when BCR signaling is initiated by phosphorylation of
CD79A and CD79B [12]. SYK-dependent tonic BCR signaling
is an important and potentially targetable survival pathway in
germinal center B cell-like (GCB) DLBCL, and the chronic active
BCR signaling pathway is important in the ABC subtype of DLBCL [13,14]. Therefore, BLK expression seems to be related with
DLBCL prognosis. The prognostic significance of SFK expression
in DLBCL is poorly characterized.
The aim of the present study was to evaluate the prognostic
significance of BLK expression for survival outcomes, including
progression-free survival (PFS) and overall survival (OS), by analyzing DLBCL patients treated with R-CHOP.

MATERIALS AND METHODS
Study population

In this retrospective study, histological and immunohistochemical data were reviewed from 89 consecutive patients who
were newly diagnosed with DLBCL treated with R-CHOP as a
first-line chemotherapy at two of the institutions participating
in the Consortium for Improving Survival of Lymphoma (CISL)
study group, which is comprised of 64 centers [15]. Data from
the electric medical records of 61 patients who were diagnosed in
Ulsan University Hospital from 2006 to 2016 and 28 patients
who were diagnosed in Kangbuk Samsung Hospital from 2004
to 2015 were analyzed. Demographic features, performance status,
stage, serum lactate dehydrogenase (LDH), distant involvement
sites, nodal sites, and IPI [16] were recorded. The patients were
19 years of age or older at the time of diagnosis and had no previous chemotherapy or history of other malignancy. Routine
follow-up computed tomography scans were performed every
three months for the first 2 years, every 6 months for the following three years, or as clinically indicated. Patients with archived
paraffin-embedded tumor tissues and available follow-up data
were enrolled in this study. Pathologists made the diagnosis of
DLBCL at each institution, and centralized pathological review
of DLBCL was conducted independently for each pathology department. The two pathologists were blind from clinical data at
the time of review.
https://jpatholtm.org/

Evaluation of immunohistochemistry

Analysis of immunohistochemical staining was performed as
previously described [17,18]. Establishing tissue microarray
(TMA) blocks with 2 mm diameter was used in immunohistochemical staining and interpretation. Immunohistochemical
staining was performed with automated immunostaining equipment (Bond Primary Antibody Diluent, Leica, Nussloch, Denmark). BLK (1:100, Abcam, Cambridge, UK), SYK (1:400,
Abcam), CDK1 (1:300, Abcam), BCL2 (1:300, DAKO, Glostrup, Denmark), and C-MYC (1:100, Cell Marque, Rocklin,
CA, USA) antibodies were incubated with samples for 1 hour.
TMA slides were scanned using a Hamamatsu NanoZoomer XR
Digital Pathology slide scanner at × 40 magnification. Digital images of the slides were analyzed using QuPath (v.0.3.2., University
of Edinburgh, Scotland), an open-source pathology and bioimaging software. Evaluation of immunohistochemical staining
was evaluated using a semi-quantitative method for BLK, SYK,
and CDK1 using an H-score by QuPath [19], and only proportions of BCL2 and C-MYC were estimated manually. Ki-67 labeling index was counted using QuPath. Nuclear or cytoplasmic localization was determined and was assigned positive by the
following predetermined criteria: H-score positivity in the cytoplasm of more than 2.5 for BLK, which is a median value in our
study [9], H-score of ≥ 30 in the cytoplasm or nucleus for SYK
[20], H-score of ≥ 10 in the cytoplasm or nucleus for CDK1
[21,22], ≥ 50% positivity in the cytoplasm for BCL2, and ≥ 40%
positivity in the nucleus for C-MYC were regarded positive [12].
Representative images are shown in Fig. 1.
Statistics

Each of the clinicopathological factors was analyzed according
to their protein expression with the Pearson’s chi-square association, Fisher exact, or Student’s t tests. PFS was defined as the time
from the diagnosis to the time of events such as the documented
progression or recurrence of DLBCL, or death prior to progression
or recurrence of DLBCL. OS was defined as the time from the diagnosis to the time of death from any cause. Patients still alive
during the duration of the study were censored at the last known
date of contact. The Kaplan-Meier method and log-rank test
were used to evaluate the relationship between protein expression
and survival results and survival curves were created. Cox regression analysis was carried out by a multivariate analysis to estimate the OS and recurrence risk ratio with a 95% confidence interval. A p-value was considered statistically significant if less than
.05. Data were analyzed using the statistical package SPSS ver.
24.0 (IBM Corp., Armonk, NY, USA).
https://doi.org/10.4132/jptm.2022.07.26

BLK expression in diffuse large B-cell lymphoma • 283

A

B

C

D

E

F

Fig. 1. B-cell lymphocyte kinase (BLK), CDK1, and SYK expression in diffuse large B-cell lymphoma tissues. (A) Positivity of BLK expression
(Inlet box is × 400 magnification). (B) Negativity of BLK expression. (C) Positivity of CDK1 expression. (D) Negativity of CDK1 expression. (E) Positivity of SYK expression. (F) Negativity of SYK expression.

RESULTS

cell transplantation. Supportive care was provided based on individual institutional policy.

Study patients

This study included 46 (51.7%) male and 43 female patients
(median age, 60 years; age range, 24 to 87 years). As primary
treatment, all patients received R-CHOP chemotherapy. A total
of 23 patients (25.8%) experienced lymphoma recurrence or progression during R-CHOP chemotherapy. Of the 23 patients, 18
(78.2%) received second-line chemotherapy, and 12 (52.2%) underwent high-dose chemotherapy followed by autologous stem
https://doi.org/10.4132/jptm.2022.07.26

Patient characteristics

The clinical characteristics of the 89 patients and the correlations between clinical variables according to BLK expression are
summarized in Table 1. Representative immunohistochemistry
images for BLK, CDK1, and SYK in DLBCL are shown in Fig. 1.
The percentage of patients with positive BLK expression in tumor cells was 39.2% (n = 34). BLK expression status was not
https://jpatholtm.org/
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Table 1. Clinicopathologic characteristics of patients with diffuse
large B-cell lymphoma (n = 89)
Variable
Sex
Female
Male
Age (yr)
< 60
≥ 60
ECOG PS
0–1
2–4
Serum LDH
Normal
Elevated
Ann Arbor stage
1–2
3–4
CDK1 expression
No
Yes
SYK expression
No
Yes
C-MYC expression
No
Yes
BCL2 expression
No
Yes
Double expression of C-MYC
and BCL2
No
Yes
Cell of origin
GCB type
Non-GCB type
Ki-67 LI

BLK status
p-value
Negativity
Positivity
(n = 55, 61.8%) (n = 34, 39.2%)
.290
24 (43.6)
31 (56.4)

11 (32.4)
23 (67.6)
.802

26 (47.3)
29 (52.7)

17 (50.0)
17 (50.0)

49 (89.1)
6 (10.9)

25 (75.8)
8 (24.2)

29 (52.7)
26 (47.3)

15 (44.1)
19 (55.9)

34 (61.8)
21 (38.2)

16 (47.1)
18 (52.9)

32 (58.2)
23 (41.8)

19 (55.9)
15 (44.1)

14 (25.5)
41 (74.5)

4 (11.8)
30 (88.2)

40 (72.7)
15 (27.3)

18 (52.9)
16 (47.1)

20 (36.4)
35 (63.6)

7 (20.6)
27 (79.4)

.133a

.430

.173

.831

.118

.057

Survival outcomes and prognostic factors

With the median follow-up time of 60.4 months, clinical variables including age ≥ 60 years, ECOG PS 2–4, elevated serum
LDH, stage 3 or 4, and CDK1 positivity were significantly associated with lower PFS, and ECOG PS 2–4, elevated serum LDH,
and stage 3 or 4 were significantly associated with lower OS in
DLBCL patients who received R-CHOP chemotherapy as a
front-line treatment (Table 2). The survival outcomes according
to BLK expression are shown in Fig. 2. Patients with BLK expression had significantly lower 5-year PFS and OS rates (49.8% and
60.9%, respectively) than patients without BLK expression
(77.3% and 86.7%, respectively). In multivariate analysis for
PFS, BLK positivity was independently associated with shorter
PFS (hazard ratio [HR], 2.208; 95% confidence interval [CI],
1.036 to 4.708; p = .040). Both positive group of BLK and DE
of C-MYC and BCL2 showed significant poorer PFS and OS
than the others (p = .008 and p = .023, respectively) (Fig. 3). In
multivariate analysis for OS, BLK positivity was not a poor prognostic factor (HR, 2.602; 95% CI, 0.994 to 6.815; p = .052).

.116

DISCUSSION
.003

a

49 (89.1)
6 (10.9)

21 (61.8)
13 (38.2)
.832

19 (34.5)
11 (32.4)
36 (65.5)
23 (67.6)
58.60 (18.33) 65.39 (18.48)

.094

Values are presented as number (%).
ECOG PS, Eastern Cooperative Oncology Group performance status; LDH,
lactate dehydrogenase; GCB, germinal center B cell; Ki-67 LI, Ki-67 labeling
index.
a
Fisher exact test.

significantly associated with clinical variables. BLK positivity
had a tendency toward Eastern Collaborative Oncology Group
performance status (ECOG PS) 2–4, elevated serum LDH, and
stage 3 or 4 compared to BLK negativity (p = .133, p = .430, and
p = .173, respectively). The Ki-67 labeling index was higher in
the BLK positive group, although it was not statistically significant (p = .094). Patients with BLK expression in tumor cells were
more likely to have C-MYC expression (p = .057). BLK positivity
was significantly associated with double expression (DE) of Chttps://jpatholtm.org/

MYC and BCL2 (p = .003). Both positive group of BLK and DE
of C-MYC and BCL2 was 14.6% (n = 13), and both negative
group of BLK and DE of C-MYC and BCL2 was 44.1% (n = 49.
p = .003).

In this study, we demonstrated BLK positivity (39.2%) in
DLBCL. Although BLK expression status was not significantly
associated with clinical variables such as ECOG PS 2–4, elevated
serum LDH, or stage 3 or 4, BLK positivity was significantly
associated with DE of C-MYC and BCL2. In the analysis of survival outcomes, BLK expression in DLBCL patients who were
treated with R-CHOP as a first-line chemotherapy showed shorter
PFS.
The Src-related kinase BLK is known to effect functions associated with BCRs and is principal during B lymphoid ontogeny.
It is located on chromosome 8p23.1. Montero-Ruiz et al. [23]
demonstrated that BLK expression has implications in childhood acute lymphoblastic leukemia. Moreover, one report
showed that malignant T cells in many cutaneous T-cell lymphoma patients displayed ectopic expression of BLK, demonstrating that BLK promotes the proliferation of malignant T
cells [24]. In this respect, BLK expression may have a role in
lymphoma progression and may be expressed on B cell lymphomas. Our findings show that about half of DLBCL patients had
https://doi.org/10.4132/jptm.2022.07.26
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Table 2. Univariate and multivariate analysis of prognostic factors for PFS and OS
PFS
Univariate
p-value
Male sex
Age > 60 yr
ECOG PS ≥ 2
Stage III/IV
Elevated LDH
CDK1 positivity
SYK positivity
C-MYC positivity
BCL2 positivity
Double expression
Non-GCB type
Ki-67 LI
BLK positivity

OS
Multivariate

HR (95% CI)

.586
.021
.035
.001
.005
.039
.281
.162
.104
.051
.130
.196
.019

1.510 (0.641–3.559)
1.224 (0.499–3.005)
1.832 (0.749–4.484)
1.836 (0.706–4.774)
1.587 (0.742–3.395)
2.208 (1.036–4.708)

Univariate

Multivariate

p-value

p-value

HR (95% CI)

p-value

0.346
0.658
0.185
0.213
0.234
0.040

.080
.066
.010
.004
.007
.507
.276
.393
.140
.069
.136
.607
.017

1.232 (0.418–3.630)
1.968 (0.712–5.441)
2.176 (0.698–6.784)
2.602 (0.710–9.665)
2.602 (0.994–6.815)

.705
.192
.180
.148
.052

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance
status; LDH, lactate dehydrogenase; GCB, germinal center B cell; Ki-67 LI, Ki-67 labeling index; BLK, B-cell lymphocyte kinase.
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Fig. 2. Survival outcomes according to B-cell lymphocyte kinase (BLK) expression: (A) progression-free survival (PFS) and (B) overall survival
(OS).
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Fig. 3. Survival outcomes according to the expression of B-cell lymphocyte kinase (BLK) and double expression of C-MYC and BCL2: (A)
progression-free survival (PFS) and (B) overall survival (OS).
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BLK expression in this study cohort. Taken together, these findings suggest that BLK is a potential therapeutic target in DLBCL for SFK inhibitors. These drugs could be attractive novel candidates for the treatment of DLBLC patients expressing BLK.
Since BLK is a novel biomarker in DLBCL, we needed to establish a cutoff value. We estimated the H-score using QuPath,
an open-source quantitative pathology and bioimaging software.
The median H-score of 2.5 was selected; however, sampling errors
could have occurred regarding tumor heterogeneity, biasing representativeness of the tumor biology. In addition, a few slides
were of poor quality because they were made in the microarray.
Most of the BLK positive staining was localized in the cytoplasm
and membrane with little nuclear staining observed, which might
be explained by the small size of the microarray wells. In 1993,
David-Pfeuty et al. suggested myristoylation prevents unregulated nuclear transport of proteins in Src [25]. And further, La
Roux et al. found a myristoil-binding site in the SH3 domain
[25]. In a study by Urciuoli et al., a close relationship among Src
nuclear localization, expression of N-myristoyltransferase, and
prognosis such as OS in osteosarcoma has been observed [25].
The nuclear localization of Scr in hormone-positive breast cancer
is known to be related to lower aggressiveness leading to improved prognosis. However, the localization of BLK has only
been found in the membrane or cytoplasm to date [25]. Whether
and how it can be localized to the nucleus, which means it is not
an artifact, and what role it plays with its association to prognosis
should be revealed further. As for SYK, it is reported as normally
expressed in both the nucleus and cytoplasm. Zhou et al. [26] reported that other than being recruited to the membrane when
BCR signaling is activated, response to oxidative stress differed
according to the localization. When present in the cytoplasm,
SYK increases caspase3, which is predicted to have good prognosis, whereas in the nucleus it is known to repress the activation of
caspase 3.
The tyrosine residues of immunoreceptor tyrosine-based activation motif, which is located in the cytoplasmic tail of CD79a
(Igα) and CD79b (Igβ), are phosphorylated by SFK, leading to
the recruitment of SYK via the interaction with SH2 domains in
SFKs [8]. SYK is recruited to the perimembrane to be phosphorylated by SFK, auto-phosphorylated, and subsequently activated.
It is activated in 44% of human DLBCL tissues. SYK is the key
factor in initiating the pre-BCR signaling cascade, which leads
to B cell activation and B-T cell interaction [27]. The oncogenic
function of BLK seems to be dependent on the cellular context
[28]. More SYK expression was observed in the BLK positive
group in univariable analysis, although it was not statistically sighttps://jpatholtm.org/

nificant (p = .118). They were also not associated with prognosis
(p = .281 and p = .276, PFS and OS, respectively).
Cheung et al. demonstrated that PLCγ2 and AKT, as opposed
to ERK, connected SYK to cell proliferation and when blocked,
the G1 to S transition was blocked leading to cell cycle arrest. The
study did not find a correlation between SYK inhibition and cellof-origin subtypes [29]. However, Davis et al. [30] showed knockdown of proximal BCR subunits (IgM, Ig, CD79A, CD79B) and
SYK induced death to ABC DLBCLs with wild type CARD11
but not in other lymphomas including the GCB subtype. AKT
activity is also reported to be high in the G2/M phase, but in epithelial cells [31]. The different consequences of the BCR pathway between ABC and GCB DLBCL has been reported, where
both AKT and nuclear factor κB are activated in the ABC group
and only AKT is activated in GCB group depending on the site of
tyrosine phosphorylation on SYK [14]. Wang et al. [32] showed
expression of p-AKT nuclear expression of 70% or more was observed in 24.3% of de novo DLBCL patients treated with RCHOP. It was also associated with poor PFS but not survival.
Moreover, this overexpression was associated with DE [32]. In our
study, BLK and SYK status were not significantly different between the subtypes, with BLK status slightly higher in the nonGCB group and SYK status slightly higher in the GCB group (p =
.832 and p = .781, respectively).
Although it is well known that dual expression of C-MYC
and BCL2 in DLBCL is associated with poorer outcomes [4,33],
the prognosis with respect to BLK expression as a Src family kinase in DLBCL has not been determined. Our finding in DLBCL
shows that BLK positivity is a poor prognostic factor for PFS, and
trends toward poorer OS. Moreover, both positive BLK groups and
DE of C-MYC and BCL2 showed significantly worse PFS and OS
than others. It suggested that expression of BLK in our case may
have contributed to the proliferation of lymphoma cells promoting tumor growth.
Since DE status was different statistically based on BLK expression (p = .003) in univariable analysis, it was not included
in multivariable Cox regression analysis. In a study by Wang et
al. [12], MYC-positive DLBCL had higher levels of pSYK and
pBLK, which are their activated forms. They also revealed that
MYC overexpression might be a mechanism for resistance to the
BCR inhibitor, ibrutinib, and may help to identify potential therapeutic candidates [12]. Bogusz et al. [18] concluded that DE
DLBCL shows enhanced BCR pathway signaling compared to
non-DE DLBCL based on phosphomarker expression and the
exact mechanisms linking BCR signaling to MYC expression
have yet to be revealed. However, it has been shown that MYC is
https://doi.org/10.4132/jptm.2022.07.26
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a key downstream BCR effector, and its overexpression can rescue
the absence of BCR activity in some B cells. The upregulation of
MYC has been observed in ibrutinib-resistant mantle cell lymphoma cell lines and this was reversed by inhibiting HSP90. Recently, ibrutinib has been approved as a co-treatment with venetoclax, a BH3 mimetic that inhibits BCL2 for chronic lymphocytic
leukemia since ibrutinib induces BCL2 expression [34]. Kuo et al.
[35] demonstrated that ibrutinib and the BCL-2 inhibitor ABT199 showed a synergistic effect on both ABC and GCB DLBCL
cell lines. It can be inferred that BCR signaling increases MYC expression, MYC and BCL2 can be a mechanism of resistance when
targeting BCR signaling pathways and contribute to poor prognosis.
Lastly, CDK1 is a cell cycle regulator and Wolowiec et al. [36]
showed it is increased in acute lymphoblastic leukemia and diffuse lymphoma only in proliferative cell cycle phases including S,
G2, and M. The CDC2 gene, which encodes cdc2/cdk1, is amplified only in a subset of DLBCL, but the cdc2/cdk1 protein was
detected in the majority of DLBCL patients and cyclin B1 expression was reported to be related to poor prognosis, implying
that high levels of cdc2/cdk1 may predict aggressiveness in DLBCL [37]. Moreover, higher CDC2 amplification was identified as
related with primary aggressive and recurrent DLBCL or cause
of chemoresistance [38]. Other mechanisms that may have contributed to CDK1 overexpression, which is revealed to be a predictive factor, should be revealed further. In other neoplasms,
CDK1 is observed to be a prognostic factor in oral squamous cell
carcinoma, and Epstein-Barr virus (EBV)–encoded oncoprotein
latent membrane protein 1 inducing CDK1 resulting in partial
upregulation of the anti-apoptotic factor survivin in nasal natural killer/T-cell lymphoma [21,22]. Similarly, CDK1, cyclin B1,
and survivin expression were shown to be increased in post-transplant EBV-lymphoproliferative diseases [39]. CDK1 was associated with PFS but not OS in univariable analyses (p = .039, and p =
.507, PFS and OS, respectively).
This study has several limitations inherent to retrospective analyses and relatively small sample size. Further studies would help
to validate these findings and bring additional information. On
the other hand, this report is among the few of which had a relatively long follow-up duration and describe a group of patients
undergoing uniform first-line chemotherapy from the CISL group
in Korea.
In conclusion, the therapeutic strategy of specific signaling inhibition could be a pivotal study field in lymphoma treatment.
However, the targeting for SFK in DLBCL is under investigation. The results of the current study reveal that BLK is expressed
https://doi.org/10.4132/jptm.2022.07.26

in approximately half of DLBCL cases. Moreover, BLK expression
is associated with poorer survival outcomes. These findings provide
important information to advance the establishment of treatment
strategies for DLBCL.
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Evaluation of the characteristics of multiple human papillomavirus (HPV)
infections identified using the BD Onclarity HPV assay and
comparison with those of single HPV infection
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Background: Human papillomavirus (HPV) infection is a major cause of cervical cancer and associated precursor lesions. Multiple HPV
genotype infections have been reported. However, their clinicopathological characteristics still remain elusive. Methods: For this study,
814 consecutive patients who had undergone colposcopy and HPV genotyping test using BD Onclarity HPV assay were retrospectively selected. Clinicopathological parameters of multiple HPV infections were compared with those of single HPV infection. Results:
Multiple HPV infections were found in 110 out of 814 cases (13.5%). Multiple HPV infections were associated with a significantly
higher incidence of high-grade intraepithelial lesions (HSILs) compared with single HPV infection. Other high-risk HPV genotypes, in
addition to HPV 16, were found more frequently in the multiple HPV infections group; these included HPV 51, 52, 33/58, 56/59/66,
and 35/39/68. No specific coinfection pattern was not identified. Additionally, the number of HPV genotypes in multiple HPV infections
was not associated with the progression to HSIL or squamous cell carcinoma. Conclusions: Multiple HPV infections have distinct clinicopathological characteristics (compared with single HPV infection). As their biological behavior is uncertain, close and frequent follow-up is warranted.
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Human papillomavirus (HPV) is the major cause of anogenital
cancers and their precursor lesions [1]. Sensitive molecular HPV
detection methods revealed that nearly all squamous intraepithelial lesions are associated with HPV [2-4]. According to the
phylogenetic classification of papillomaviruses, HPVs are categorized in the genus Alphapapillomavirus [5]. Among these,
A9 clade and A7 clade, which include HPV 16, and HPV 18
and 45, respectively, are particularly noteworthy [3]. To date,
more than 200 HPV genotypes have been identified and listed
in the National Institutes of Health’s HPV database (PaVE: The
papillomavirus Episteme) [6]. However, only ~20 HPV genotypes are commonly encountered in anogenital lesions. Currently, 12 HPV genotypes, i.e., HPV 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, and 59, are classified as group 1 carcinogens by the
International Agency for Research on Cancer [7]. Although HPV
16 and 18 are the predominant causative agents of cervical cancer
pISSN 2383-7837
eISSN 2383-7845

and their precursor lesions, other high-risk HPVs are also associated with significant oncogenic risk [8].
HPV genotyping tests have also revealed coinfection with
multiple HPV genotypes in variable frequencies [9]. The incidence of multiple HPV infections varies depending on the region,
ethnicity, and the detection method [10-13]. Although multiple
HPV infections have been detected in cervical lesions, their clinicopathological significance remains elusive. While some studies
have demonstrated that multiple HPV infections may be associated with cervical carcinogenesis [14,15], others have reported
contradicting results [16].
BD Onclarity HPV assay, an U.S. Food and Drug Administration–approved HPV screening test, is a semi-quantitative realtime polymerase chain reaction–based test that can simultaneously detect multiple HPV genotypes, including HPV 16, 18,
31, 45, 51, 52, 33/35, 56/59/66, and 35/39/68 [17]. It is widely
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used in many hospitals in Korea [18]. In this study, we have investigated the clinicopathological aspects of multiple HPV infections using the BD Onclarity HPV assay.

MATERIALS AND METHODS
Study population

We retrospectively selected 814 consecutive patients who
had undergone colonoscopy as well as HPV genotyping tests in
the department of pathology, Kyungpook National University
Chilgok Hospital in 2019. These patients underwent HPV genotyping assays owing to abnormal cytology or biopsy results,
or during routine health check-ups. The clinicopathological data,
including age and biopsy results, of the patients were retrieved
from the electronic medical records of the hospital.
Histological evaluation

Specimens obtained during colposcopy were fixed in 10%
neutral-buffered formalin and embedded in paraffin blocks. Paraffin blocks were cut into 4 μm sections and stained with hematoxylin and eosin. Two independent pathologists with specialization in gynecological pathology (M.K. and J.Y.P.) reviewed all
the samples. All patients were diagnosed and classified in accordance to the recommendations of the LAST project working
group [19].

RESULTS
HPV genotype prevalence in multiple and single HPV
infections

Table 1 presents HPV genotype prevalence in multiple and
single HPV infections, respectively. Detailed clinicopathological
characteristics of the patient cohorts are listed in Supplementary
Table S1. Among 814 cases wherein HPV genotyping tests were
performed, multiple HPV infection was found in 110 cases
(13.5%, 110/814) and single HPV infections were found in 361
cases (44.3%, 361/814). The mean age of the patients was 58.2
years in the multiple HPV infections group and 55.5 years in the
single HPV infection group. In the multiple HPV infections
group, HPV 35/39/68 was most frequently detected, followed
by 56/59/66, 16, and 52. In the single HPV infection group, HPV
16 was most frequently detected, followed by 56/59/66, 35/39/68,
and 52. HPV 31 (p = .005), 51 (p < .001), 52 (p < .001), 33/58
(p < .001), 56/59/66 (p < .001), and 35/39/68 (p < .001) were
significantly more frequently detected in the multiple HPV infections group. Multiple infections among grouped HPV strains,
for example, HPV 33 and 58, can possibly happen. However, such
possible cases were counted as single HPV infection, based on
the previous study [17]. The result of full HPV genotyping assay
in a different cohort using Seegene Anyplex II also suggested that
multiple infections within three bulk groups (33/35, 56/59/66,
and 35/39/68) were not frequent (Supplementary Table S2).

HPV genotyping test

Onclarity testing uses the automated BD Viper Lt platform
(BD Diagnostics, Sparks, MD, USA), the full workflow for
which has been described in detail in a previous paper [20].
Briefly, 0.5 mL of original resuspended SurePath material was
aliquoted into a BD tube containing 1.7 mL of sample medium.
The samples were prewarmed for 30 minutes at 120°C. They
were then transferred to the fully automated BD Viper Lt platform and tested using Onclarity according to the manufacturer’s
instructions.
Statistical analysis

All statistical analyses were performed using IBM SPSS for
Windows ver. 23.0 (IBM Corp., Armonk, NY, USA). The association between clinicopathological parameters was analyzed using
the chi-square test or Fisher exact test. p-values < .05 were considered significant. Adjusted p-values using Bonferroni correction
were used for multiple comparisons.
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Association of multiple HPV infection with histology

We then investigated the association between HPV infection
Table 1. Prevalance of HPV genotypes (multiple and single HPV
infections)
Variable
Age (yr)
HPV type
16
18
31
45
51
52
33/58
56/59/66
35/39/68

No. (%)

125 (26.5)
36 (7.6)
34 (7.2)
7 (1.5)
33 (7.0)
85 (18.0)
64 (13.6)
113 (24.0)
111 (23.6)

HPV infection status (n = 471)
Multiple (n = 110) Single (n = 361)

p-value

58.2 ± 12.6

55.5 ± 11.9

.043

39 (35.5)
11 (10.0)
15 (13.6)
5 (4.5)
19 (17.3)
36 (32.7)
29 (26.4)
46 (41.8)
47 (42.7)

86 (23.8)
25 (6.9)
19 (5.3)
2 (5.5)
14 (3.9)
49 (13.6)
35 (9.7)
67 (18.6)
64 (17.7)

.019
.107
.005a
.091
< .001a
< .001a
< .001a
< .001a
< .001a

Values are presented as mean ± standard deviation or number (%).
a
Significant p-value obtained after Bonferroni correction (corrected p-value:
.05/9 = .006; all 9 human papillomavirus [HPV] classes were included) was
found between multiple and single HPV infection groups.
https://doi.org/10.4132/jptm.2022.08.02
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status and histological diagnosis of cervical lesions. Of note, multiple HPV infections showed more significant association with
high-grade squamous intraepithelial lesions (HSILs) compared
with single HPV infection (p = .033) (Table 2). Low-grade squamous intraepithelial lesions (LSILs), squamous cell carcinoma
(SQCC), and adenocarcinoma (ADC) were also more frequent in
the multiple HPV infections group, albeit this was not significant.
In the multiple HPV infections group, HPV 16 was the most frequently detected HPV genotype in LSILs, HSILs, SQCC, and
ADC (Table 3). In the single HPV infection group, HPV 16
was the most frequently detected HPV genotype in HSILs and
SQCC. In addition to HPV 16, other high-risk HPV genotypes
were also detected more frequently in the patients with ≥ HSIL lesions (HSIL and SQCC), which suggests clinical significance.
Among these, HPV 51, 52, 33/58, 56/59/66, and 35/39/68 were
more frequently found in the multiple HPV infections group
than in the single HPV infection group (Table 4, Fig. 1). In the
multiple HPV group, there was no correlation between the number of infected HPV strains and the progression to cervical cancer
Table 2. HPV infection status (multiple and single HPV infections) in
association with histology
No. (%)

Variable

Histology
Normal
210 (44.5)
LSIL
62 (13.2)
HSIL
120 (25.5)
Squamous cell carcinoma 65 (13.8)
Adenocarcinoma
14 (3.0)

HPV infection status
(n = 471)
Multiple
(n = 110)

Single
(n = 361)

34 (30.9)
16 (14.5)
37 (33.6)
18 (16.4)
5 (4.6)

176 (48.8)
46 (12.7)
83 (23.0)
47 (13.0)
9 (2.5)

pvalue

.001
.632
.033
.654
.332

Values are presented as number (%).
HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.

and their precursor lesions (Supplementary Table S3). Although
HPV 16 was the most frequently detected HPV genotype in
multiple HPV infections, the presence of HPV 16 genotype in
multiple HPV infections was not associated with the progression
to cervical neoplastic lesions (compared with non-HPV 16 type
of multiple HPV infections) (Supplementary Table S4). We further divided the study cases into two groups according to the HPV
16 or/and HPV 18 infection status (group 1: HPV 16 or/and
HPV18 infection vs. group 2: non–HPV 16 and non–HPV 18
high-risk HPV). In both groups, there were no statistically significant correlation between multiple HPV infection and cervical lesions. However, HSIL tended to occur more frequently in group
2 (Supplementary Tables S5, S6).

DISCUSSION
In this study, we demonstrated the clinicopathological impliTable 4. Association between ≥ HSIL lesion (HSIL and SQCC) and
HPV genotypes (multiple and single HPV infections)
HPV type

No. (%)

16
18
31
45
51
52
33/58
56/59/66
35/39/68

86 (43.2)
30 (15.1)
16 (8.0)
2 (1.0)
13 (6.5)
25 (12.6)
28 (14.1)
36 (18.1)
37 (18.6)

HPV infection status (n = 199)
Multiple ( n = 60)

Single (n = 139)

30 (50.0)
8 (13.1)
8 (13.1)
2 (3.3)
10 (16.7)
17 (28.3)
15 (25.0)
23 (38.3)
21 (35.0)

56 (40.3)
22 (15.8)
8 (5.8)
0������
3 (2.2)
8 (5.8)
13 (9.4)
13 (9.4)
16 (11.5)

p-value
.216
.676
.089
.091
< .001a
< .001a
.005a
< .001a
< .001a

Values are presented as number (%).
HSIL, high-grade intraepithelial lesion; SQCC, squamous cell carcinoma;
HPV, human papillomavirus.
a
Significant p-value obtained after Bonferroni correction (corrected p-value:
.05/9 = .006; all 9 HPV classes were included) was found between multiple
and single HPV infection groups.

Table 3. HPV genotype distribution (multiple and single HPV infections) in association with histology
HPV type
16
18
31
45
51
52
33/58
56/59/66
35/39/68

Multiple HPV infection

Single HPV infection

Normal (n = 34) LSIL (n = 16) HSIL (n = 37) SQCC (n = 18) ADC (n = 5)

Normal (n = 176) LSIL (n = 46) HSIL (n = 83) SQCC (n = 47) ADC (n = 9)

2 (5.9)
2 (5.9)
6 (17.6)
1 (2.9)
9 (26.5)
12 (35.3)
11 (32.3)
15 (44.1)
18 (52.9)

7 (43.8)
1 (6.3)
1 (6.3)
2 (12.5)
0���������
7 (43.8)
3 (18.8)
8 (50.0)
8 (50.0)

17 (45.9)
4 (10.8)
4 (10.8)
1 (2.7)
8 (21.6)
8 (21.6)
7 (18.9)
15 (40.5)
14 (37.8)

10 (55.6)
3 (16.7)
4 (22.2)
1 (5.6)
2 (11.1)
6 (33.3)
7 (38.9)
7 (38.9)
5 (27.8)

3 (60.0)
1 (20.0)
0�����������
0�����������
0�����������
3 (60.0)
1 (20.0)
1 (20.0)
2 (40.0)

24 (13.6)
1 (0.6)
8 (4.5)
2 (1.1)
9 (5.1)
35 (19.9)
19 (10.8)
42 (23.9)
37 (21.0)

6 (13.0)
2 (4.3)
3 (6.5)
0��������
2 (4.3)
7 (15.2)
3 (6.5)
12 (26.1)
11 (23.9)

34 (41.0)
5 (6.0)
5 (6.0)
0��������
3 (3.6)
4 (4.8)
12 (14.5)
7 (8.4)
13 (15.7)

19 (40.4)
12 (25.5)
3 (6.4)
0��������
0��������
4 (8.5)
1 (2.1)
6 (12.8)
2 (4.3)

3 (33.3)
5 (55.6)
0�����������
0�����������
0�����������
0�����������
0�����������
0�����������
1 (11.1)

Values are presented as number (%).
HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; SQCC, squamous cell carcinoma; ADC, adenocarcinoma.
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Fig. 1. Human papillomavirus (HPV) genotype prevalence in high-grade intraepithelial lesions (A) and squamous cell carcinoma (B) in multiple
and single HPV infections.

cations of multiple HPV infections in Korean patients, using the
BD Onclarity HPV assay. Multiple HPV infections were more
closely related to HSILs than single HPV infection. In addition,
we report that high-risk HPV genotypes other than HPV 16 were
detected more frequently in the multiple HPV infections group.
In our previous study, using Seegene Anyplex II HPV28 detection
kit, we showed that multiple HPV infections were related to
HSIL and persistent HPV infection [21]. However, Seegene Anyplex II and BD Onclarity assays have different ranges and use different probes for the detection of HPV [22]. The two HPV genotyping assays, thus, might have different performance capacity for
the detection of multiple HPV infections. Therefore, we re-investigated the clinicopathological aspects of multiple HPV infections
using the BD Onclarity HPV assay.
The clinicopathological significance of multiple HPV infections still remains debatable. Overall, HPV 31, 51, 52, 33/58,
56/59/66, and 35/39/68 genotypes were more frequently detected
in multiple HPV infections than in single HPV infection. The
incidence of HPV genotypes in multiple HPV infections greatly
differs across studies, depending on regional variation, ethnicity,
and participant characteristics [12,14,23].
In this study, multiple HPV infection was significantly associated with HSIL, which was consistent with the results from our
previous study. Oncogenic risk of multiple HPV infections is still
unclear. While some previous studies have shown that multiple
HPV infections contribute to cervical carcinogenesis, other studies
have shown that multiple HPV infections do not confer additional
carcinogenic effect (compared to single HPV infection) [10,16,
24,25]. Thus, a larger cohort study may be instrumental in validating the oncogenic potential of multiple HPV infection.
In multiple HPV infection, HPV 16 was the most prevalent
HPV genotype in SIL and SQCC. However, other high-risk
https://jpatholtm.org/

HPV genotypes were also more frequently detected in multiple
HPV infections than in single HPV infection. In particular,
HPV 51, 52, 33/58, 56/59/66, and 35/39/68 showed significant
association with ≥HSILs in multiple HPV infections. There was
no difference between the HPV 16–positive multiple HPV infections group and the HPV 16–negative multiple HPV infections group. We also divided study cases into HPV 16 or/and
HPV18 infection group and non–HPV 16 and non–HPV 18
high-risk group, and further investigated the association between
the multiple infection and the histology of cervical lesions in both
groups; however, significant associations were not found. In non–
HPV 16 and non–HPV 18 high-risk HPV group, HSIL tended
to occur more frequently among multiple HPV infections.
Thus, coinfection with non–HPV 16 and non–HPV 18 highrisk HPV genotypes might have synergistic effect on cervical
carcinogenesis. Subsequent larger cohort study or expanded full
genotyping assay should be followed to validate this hypothesis.
This study has a few limitations. First, this study has a relatively small sample size. Subsequent studies with larger cohort
would be valuable to further strengthen the major findings of this
study. In addition, we were unable to evaluate the effect of multiple
HPV genotypes on the duration of HPV infection, as we could
not perform the follow-up HPV genotyping test using BD Onclarity HPV assay.
In conclusion, multiple HPV infections have distinct clinicopathological characteristics. As their clinicopathological characteristics are still uncertain, close follow-up is warranted for the
patients with multiple HPV infections.
Supplementary Information
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CASE STUDY

Heterotopic mesenteric ossification: a report of two cases
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1

Heterotopic mesenteric ossification (HMO) is abnormal bone formation in tissues which usually do not undergo ossification. There are
approximately 75 cases reported worldwide. We present two cases of HMO. The first case is that of a 39-year-old man who presented
with abdominal pain and a computerized tomography scan of the abdomen and pelvis revealed an apple core lesion resulting in small
bowel obstruction. The second case is that of a 36-year-old woman who presented 2 months after undergoing robotic gastric sleeve resection complaining of weakness and emesis. An esophagogram revealed kinking at the distal esophagus. Surgical resection was performed in both, yielding the diagnosis of HMO. There are various theories as to the pathophysiology of HMO, but no clearly defined
mechanism has been established. Management should be conservative whenever possible to prevent further ossification with subsequent surgical intervention.
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Heterotopic mesenteric ossification (HMO) refers to the abnormal formation of bone in tissues which usually do not undergo ossification. It was first described in 1883 by Riedel, as a
sequela after spinal cord injury [1,2]. One hundred years later in
1983, Lemeshev et al. [3] and Hansen et al. [4] each published
a report of heterotopic ossification of the mesentery, and Wilson
et al. [5] coined the term “heterotopic mesenteric ossification”
in 1999. Ever since, approximately 75 cases had been reported
in literature worldwide [6-8]. In most of those cases, an injury,
trauma, or surgery to the abdomen preceded the development of
HMO [9]. The latter can occur as early as 11 days or as late as a
month after surgery or trauma [10,11]. In 1983, Hansen et al. [4]
reported the occurrence of HMO in a 55-year-old man 2 weeks
after a coloproctectomy for ulcerative colitis.
Patients usually present with signs and symptoms of small
bowel obstruction, such as nausea, vomiting, abdominal pain,
and abdominal distension. On imaging, small bowel thickening
is commonly seen, and in rare cases, calcifications can be appre-

ciated on computed tomography (CT). There are various theories
as to the pathophysiology of this disorder. First, it is postulated
that HMO forms as a result of stimulation of pluripotent mesenchymal stem cells due to inflammation from an inciting event,
causing differentiation of those stem cells into osteoblasts and osteocytes, aided by osteogenic differentiation factors [12]. Other
factors such as ischemia and infection, which cause inflammation,
have been hypothesized as well. Nevertheless, given the rarity
and possible underreporting of HMO, no clearly defined mechanism has been established [13]. Overall, median age at presentation is 48.28 ± 18.27 years, with a male predominance [8,14].
Here, we describe two cases of HMO; one is a case of a 39-yearold man who presented with a chief complaint of abdominal pain
of 2-day duration. A CT scan of the abdomen and pelvis revealed
segmental concentric thickening of a small bowel loop and an
apple core lesion resulting in obstruction. Laparoscopic small
bowel resection was performed. Histopathologic examination
showed an area of mucosal erosion with acute and chronic inflam-
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mation in the surrounding peri-intestinal soft and adipose tissue,
granulation tissue, fat necrosis, and new bone formation within
the mesentery. The second case is that of a 36-year-old woman
who underwent gastric sleeve resection and presented two
months later complaining of weakness and emesis. An esophagogram demonstrated kinking at the level of distal esophagus at the
gastroesophageal junction. Despite multiple attempts with endoscopic interventions and an esophageal stent, the esophageal
stricture persisted. Exploratory laparoscopy and an esophagojejunostomy was performed with resection of the esophageal
stricture and gastroesophageal junction. Histopathologic examination showed suture granulomas and foreign body giant cell reaction as well as new bone formation within the perigastric tissue. The diagnosis of HMO was made in both cases.

the jejunum in the right upper quadrant of the abdomen (with
apple core configuration) resulting in small bowel obstruction.
Additionally, there was stranding of the surrounding mesentery
(Fig. 1). Radiologic findings raised suspicion of adenocarcinoma,
and other etiologies such as vascular, inflammatory, or infectious
process within the differential diagnosis. Laparoscopic small bowel
resection was performed.
A resected segment of the small bowel was sent to pathology. It
measured 12.5 cm in length and approximately 3.5 cm in average
diameter. An area of narrowing was identified at 6.5 cm from
one end. Opening the specimen revealed an area of constriction
corresponding to the area of narrowing identified on the external
surface. Sectioning through this area revealed a thickened bowel
wall and an area of induration in the mesenteric fat with chalky
white cut surface (Fig. 2). Microscopic examination showed focal

CASE REPORT
Case 1

A 39-year-old man, non-smoker, presented with epigastric abdominal pain of 2-day duration. The pain was sharp in quality,
and intermittent in frequency. There were no aggravating or relieving factors. The patient reported one episode of diarrhea but
denied fever, chills, nausea, or vomiting. One month prior to his
presentation, the patient does admit to having a car accident without any obvious injuries.
The patient had a history of anxiety and panic attacks (on citalopram 20 mg and clonazepam 0.5 mg). There is no significant
surgical or family histories and no known allergies. Vital signs
on admission were as follows: blood pressure 101/54 mm Hg,
pulse 57 beats per minute, respiratory rate 14 per minute, temperature 36°C, and SpO2 97%. Body mass index (BMI) was
28.06 kg/m2. Physical examination revealed a soft abdomen
that was tender to deep palpation in the pre-umbilical area with
hyperactive bowel sounds.
Laboratory studies showed leukocytosis with a white blood
cell count of 13.47 × 103/μL (reference range, 4.8 × 103/μL to
10.8 × 103/μL) and neutrophilia with left shift (80.7% segmented
neutrophils (reference range, 42% to 75%). The absolute neutrophil count was 10.87 × 103/μL (reference range, 1.8 × 103/μL
to 7.2 × 103/μL), and lymphocytes were decreased at 12.3% (reference range, 16.0% to 45.0%). Red cell indices and electrolytes
were within normal limits. Urine toxicology screen was negative.
Other relevant laboratory results of patient 1 are summarized in
Table 1.
A CT scan with intravenous contrast of the abdomen and pelvis was performed, showing segmental concentric thickening of
https://doi.org/10.4132/jptm.2022.07.23

Table 1. Relevant laboratory results of patient 1 on admission

White blood cell count (× 103/μL)
Segmented neutrophils (%)
Absolute neutrophil count (× 103/μL)
Lymphocytes (%)
Red blood cell count (× 106/μL)
Hemoglobin (g/dL)
Hematocrit (%)
Serum creatinine (mg/dL)
Blood urea nitrogen (mg/dL)
Alkaline phosphatase level (U/L)
Lactate level (mmol/L)

Patient laboratory
value

Reference
range

13.47
80.7
10.87
12.3
5.08
15.0
45.7
1.06
20.0
141
0.4

4.8–10.8
42–75
1.8–7.2
16.0–45.0
3.93–5.22
12.0–16.0
37.0–47.0
0.55–1.02
7–18
46–116
0.4–2.0

Fig. 1. Computerized tomography scan of the abdomen and pelvis
with intravenous contrast. Results showed segmental concentric
thickening of the jejunum in the right upper quadrant of the abdomen
(with apple core configuration, white arrowhead) resulting in small
bowel obstruction and stranding of the surrounding mesentery.
https://jpatholtm.org/
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B

A

Fig. 2. Gross examination of the resected segment of small intestine. (A) An area of luminal constriction is seen. (B) Induration in the surrounding mesenteric fat showing chalky white cut surface.

mucosal erosion with acute and chronic inflammation in the surrounding peri-intestinal soft and adipose tissue, granulation tissue,
fat necrosis, fibrosis, hemosiderin deposition, focal foreign body
giant cell reaction, and new bone formation (Fig. 3). A diagnosis of HMO was made. On follow up, the patient reported feeling much better, having normal bowel movements, and no pain.
Case 2

A 36-year-old woman, non-smoker, presented with weakness
and vomiting two months after undergoing robotic gastric sleeve
resection with hiatal hernia repair due to morbid obesity, hiatal
hernia, and symptomatic gastroesophageal reflux disease. The patient had multiple radiographic studies showing a stricture at the
distal esophagus causing a kinking of the gastroesophageal junction. She had an esophageal stent placed across this stricture in
an effort to correct the stricture/kinking. A repeat esophagogastroduodenoscopy was performed showing that the previously
placed esophageal stent had migrated distally into the stomach
with inability to reach the stent for repositioning. A deformed
esophagogastric junction was also noted causing stenosis and
deformity of the lumen, not allowing for any instrument advancement into the stomach body. An exploratory laparoscopy
was performed showing an esophageal stricture due to significant
abdominal scar tissue, migrated esophageal stent placed to straighten out the esophagus and significant intra-abdominal scar tissue
(Fig. 4). Consequently, she required a resection of the stricutred
distal esophagus, gastroesophageal junction and stomach and her
alimentary tract was reconstructed with Roux-en-Y esophagojejunostomy.
The patient had a surgical history of a breast reduction and cehttps://jpatholtm.org/

sarean section aside from her most recent sleeve gastrectomy procedure. She had no significant family history and no known allergies. Vital signs on admission were as follows: blood pressure
145/100 mm Hg, pulse 92 beats per minute, respiratory rate
18 per minute, temperature 36.3°C, and SpO2 98%. BMI was
45.59 kg/m2 (height 157.5 cm and weight 113.8 kg). Physical
examination revealed a soft abdomen that is tender to deep palpation in the gastric region. Relevant laboratory results of patient 2
are summarized in Table 2. Red cell indices and electrolyte levels
were within normal limits.
A resected segment of the distal esophagus, gastroesophageal
junction, stomach, and segments of small bowel were sent to pathology. The specimens were opened to reveal a tan-pink focally
disrupted mucosae with rugae and areas with thickened wall measuring up to 1 cm in maximum thickness. Microscopic examination showed gastric and small intestinal mucosae with suture
granulomas, foreign body giant cell reaction, and new bone formation (Fig. 5). The diagnosis of HMO was made. On follow
up, the patient reported feeling better, and tolerating oral intake
without any further issues.

DISCUSSION
HMO is a rare pathologic entity with approximately 75 cases
reported to date [7,8]. In a comprehensive review by Althaqafi
al. [7], HMO was found to occur during mid-to-late adulthood,
with a predilection in the male gender (90.4%, 66/73 patients).
The common complaint amongst those with HMO tends to be
bowel obstruction (41.1%) or the presence of an enterocutaneous
fistula (6.8%) [7]. The diagnosis of HMO can be challenging;
https://doi.org/10.4132/jptm.2022.07.23

Heterotopic mesenteric ossification • 297

A

B

C

D

Fig. 3. Microscopic examination showing heterotopic ossification. Histopathologic examination of the resected segment of small intestine
demonstrated focal mucosal erosion (A) with acute and chronic inflammation in the surrounding peri-intestinal soft and adipose tissue, granulation tissue, fat necrosis (B), fibrosis, hemosiderin deposition, focal foreign body giant cell reaction (C), and new bone formation (D).

rarely, HMO can be diagnosed based on an incidental CT scan
finding showing dense calcified shadows which aid in its preoperative identification. However, the differential diagnosis in such
cases includes dystrophic calcification, bone neoplasms, leakage
of contrast, foreign material, or extra-skeletal osteosarcoma [7].
Ossification occurs in the mesentery and omentum in the majority
of the diagnosed cases (89%) [7].
The pathophysiology of HMO has not been well defined yet,
but there are several mechanisms that have been postulated.
The process of ectopic ossification is classified into two categories
based on the histologic features: dystrophic and heterotopic [13].
The reasons as to the involvement versus the lack of involvement
of these cells remains to be investigated. Leblanc et al. [15]
https://doi.org/10.4132/jptm.2022.07.23

found a relationship between bone morphogenic proteins (BMPs)
and peripheral cellular stress pathways. Specifically, BMP-9 possessed a strong osteoinductive capacity only in damaged muscle,
whereas BMP-2 promoted ossification in skeletal muscle regardless of its state [15]. BMPs are cytokines belonging to the transforming growth factor-β family [16]; they are released from inflammatory cells when there is stress at the site of the cellular
damage. This, in turn, through a series of proliferative mechanisms, results in the formation of supplementary cartilage and
bone [15].
It is postulated that HMO forms due to the stimulation of
pluripotent mesenchymal stem cells in response to inflammation
from an inciting event, causing differentiation of those stem cells
https://jpatholtm.org/
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into osteoblasts and osteocytes, aided by osteogenic differentiation factors. In one theory, it is hypothesized that ‘seeding’ of the
mesentery/omentum with activated osteoprogenitor cells during
surgery can induce formation of heterotopic bone [17]. Another
theory put forward is that immature pluripotent mesenchymal
cells, localized within the mesentery and omentum, differentiate
into osteoblasts or chondroblasts and induce bone formation, a
process called osteogenic induction [13]. Differentiation of those
cells takes place as a result of certain mechanical stimuli from
previous surgery or trauma, or due to a combination of multiple
stimuli. We hypothesize that there is inflammation from an inciting event (trauma/surgery) that stimulates the pluripotent mesenchymal stem cells causing their differentiation into osteoblasts

and osteocytes, aided by osteogenic differentiation factors present within the mesentery (Fig. 6). Interestingly, in one study by
Kan et al. [18], substance P, a neuropeptide responsible for the
sensation of pain, was found to be dramatically increased in early lesioned tissues in patients who have either fibrodysplasia ossificans progressiva or acquired heterotopic ossification, and in
three independent mouse models of heterotopic ossification. Furthermore, levels of alkaline phosphatase and calcium were found
to be elevated in several cases of HMO post-surgical intervention;
these markers were indicative of its recurrence [7]. This signifies
a potent neuro-inflammatory induction and amplification circuit
for BMP-dependent heterotopic ossification lesion formation,
identifying novel molecular targets for prevention of this condition
and its recurrence [18].
Considering all of this, physicians should not overlook this
rare but significant condition and use of immunomodulators as
well as thorough laboratory analysis and follow up in patients
with HMO. Continuous monitoring and controlling of the inflammatory cytokines for an extended post-operative, rather than
a shorter time frame, may theoretically prevent or delay the HMO
Table 2. Relevant laboratory results of patient 2 on admission

Fig. 4. Exploratory laparoscopy showing significant abdominal
scar tissue and previous sleeve gastrectomy.

A

White blood cell count (× 103/μL)
Red blood cell count (× 106/μL)
Hemoglobin (g/dL)
Hematocrit (%)
Serum creatinine (mg/dL)
Blood urea nitrogen (mg/dL)

Patient laboratory
value

Reference
range

8.47
4.43
14.7
45.6
1.21
18.0

4.8–10.8
3.93–5.22
12.0–16.0
37.0–47.0
0.55–1.02
7–18

B

Fig. 5. Microscopic examination showing heterotopic ossification. Histopathologic examination of the resected segments of stomach and
small intestine demonstrated chronic inflammation, suture granulomas, foreign body giant cell reaction (A), and new bone formation (B).
https://jpatholtm.org/
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Fig. 6. Schematic diagram illustrating the proposed hypotheses for the formation of heterotopic mesenteric ossification. ECM, extracellular
matrix; ALP, alkaline phosphatase; BMP, bone morphogenetic protein; TGF-β, transforming growth factor-β; PTH, parathyroid hormone;
IGH-1, insulin-like growth factor 1; FGF, fibroblast growth factor.

formation. Although there are no recommendations at this time
other than surgical intervention for treatment of HMO, further
research elucidating the involvement of cytokines and potential
immunomodulators must be completed given that there are
promising future outcomes with these interventions. Also, theoretically, treatment should be conservative whenever possible
to prevent further ossification from surgical intervention.
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CASE STUDY

Papillary and medullary thyroid carcinomas coexisting in the same lobe,
first suspected based on fine-needle aspiration cytology: a case report
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1

Because different types of thyroid malignancies have distinct embryological origins, coexisting tumors are rarely observed. We describe a coexisting papillary thyroid carcinoma (PTC) and medullary thyroid carcinoma (MTC) first suspected by fine-needle aspiration cytology (FNAC). A 57-year-old female presented with an irregular mass in the right thyroid lobe. The cytopathologic findings of
fine-needle aspiration showed two components: a papillary-like arrangement consisting of cells with pale enlarged nuclei indicative
of PTC and loose clusters comprised of oval cells with granular chromatin indicative of MTC. The diagnosis of a coexisting PTC and
MTC was initially confirmed by calcitonin immunocytochemistry and later after total thyroidectomy. Although some surgical case reports of PTC and MTC coexisting in either the same or different lobes have been documented, a case suspected by FNAC before the
surgery has rarely been reported. Because appropriate treatment and prognosis of PTC and MTC are different, cytopathologists should
be aware of this rare entity.
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Thyroid malignancy can mainly be divided into differentiated
thyroid carcinoma, such as papillary thyroid carcinoma (PTC)
and follicular thyroid carcinoma, and neuroendocrine thyroid
carcinoma, namely medullary thyroid carcinoma (MTC). PTC
and MTC, which are discussed in this case report, have various
distinct differences in embryological origins, histologic features,
and clinical courses. PTC is the most common thyroid malignancy,
accounting for more than 70%–85% of thyroid carcinomas,
and is derived from thyroglobulin-producing follicular epithelial
cells [1-3]. PTC usually shows an indolent clinical course with
a 97.5% overall 5-year relative survival [1,4]. The exact pathogenesis of PTC is unknown; however, several underlying genetic
backgrounds have been hypothesized. Several genetic alterations
including mutations of the BRAF or RAS genes and rearrangements of the RET or NTRK1 tyrosine kinase receptors have
been documented in PTC [5-7]. Conversely, MTC is a rare thyroid
malignancy, accounting for 5%–8% of thyroid malignancies,
and is a well differentiated neuroendocrine malignancy originatpISSN 2383-7837
eISSN 2383-7845

ing from the parafollicular calcitonin-producing cells, also known
as C-cells [2,8-10]. C-cells derive from the ectodermal neural
crest, and follicular cells are of endodermal origin [3,9,11]. Approximately 75% of MTC cases occur sporadically, while other
cases are hereditary, associated with the RET proto-oncogene
mutation, and form as a component of the type 2 multiple endocrine neoplasia (MEN) syndromes, MEN2A and MEN2B, and
the related syndrome, familial MTC [12]. MTC generally manifests an aggressive clinical course, representing 13.4% of the total
deaths attributable to thyroid cancer, and is associated with a 5-year
survival rate of 70% [13].
Furthermore, the strategy for the treatment and management
of PTC and MTC patients differs, which pathologists and clinicians should consider before arriving at a definitive diagnosis.
The main treatment for thyroid malignancy is surgical resection
regardless of PTC or MTC. However, if the tumor is unilateral,
lobectomy is sufficient for PTC, but total thyroidectomy is preferred for MTC. For PTC, radioiodine therapy and thyroid stim-
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ulating hormone (TSH) suppressive therapy are effective by inhibiting the proliferation of follicular cells. However, for MTC,
radical surgery is the only treatment of choice; other effective
adjuvant therapies do not exist. In addition, patients with MTC
should undergo genetic screening for the RET mutation to exclude type 2 MEN syndrome. Regarding follow-up after surgery,
although patients with both PTC and MTC should have radiological examination such as ultrasonography or computed tomography (CT) and a blood test for serum thyroid hormone level,
the most important examination for follow-up of MTC patients
is the blood test for the cancer marker serum calcitonin. Elevated
serum calcitonin is a sensitive and specific marker for diagnosing
MTC and has proven to be a highly sensitive marker for evaluating treatment response and prognostic assessment [8].
Although uncommon and representing less than 1% of all
thyroid malignancies [2,14,15], PTC and MTC may concurrently
appear either separately or mixed. The former can be designated
as a collision tumor comprised of two different components
separated by intervening normal thyroid tissue, and the two components can be found in either the same or different thyroid lobe.
The latter is observed as a mixed tumor showing dual differentiation and categorized as a mixed medullary and papillary carcinoma
according to the World Health Organization (WHO) classification [16]. Concurrent occurrence of PTC and MTC was initially
described by Lamberg et al. in 1981 [17], and several cases were reported thereafter [2,8,9,14,18,19]. Herein, we describe a case of
coexisting PTC and MTC attached together in the same lobe diag-

nosed based on preoperative fine-needle aspiration cytology
(FNAC).

CASE REPORT
Clinical presentation

A 57-year-old female was referred to our institution, Samsung
Medical Center. She complained of an incidentally found thyroid
abnormality during routine health examination 4 years ago. She
had no apparent personal or family history of endocrine disorders.
Physical examination revealed a hard fixed mass in the anterior
aspect of her neck. Thyroid ultrasonography revealed an irregular mass measuring 2.1 cm which was abutting the anterior capsule in the right lobe and a small nodule measuring 0.4 cm in the
left lobe. Thyroid contrast-enhanced CT indicated a calcified
mass-like lesion measuring 2.1 × 1.8 cm in the right lobe (Fig. 1).
Ultrasonography and CT showed no evidence of lymph node metastasis. Based on radiologic evaluation, the dominant nodule in
the right lobe was considered a lesion highly suspicious for malignancy, and the other small nodule in the left lobe an intermediate suspicious lesion.
Serum levels of TSH (3.07 μIU/mL; normal range, 0.35 to
4.94 μIU/mL), free thyroxine (1.2 ng/dL; normal range, 0.9 to
2.3 ng/dL), and anti-thyroglobulin autoantibody (anti-Tg Ab,
28.4 U/mL; normal range, 0 to 60 U/mL), which reflect thyroid
function, were in the normal range. Serum parathyroid hormone
level (16.4 pg/mL; normal range, 11 to 62 pg/mL), calcium (9.5

A

B

Fig. 1. Initial head and neck computed tomography scan in the cross (A) and transverse (B) view showing a calcified mass-like lesion measuring 2.1 × 1.8 cm in the right thyroid lobe.
https://jpatholtm.org/
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mg/dL; normal range, 8.5 to 10.5 mg/dL), and phosphorous (3.6
mg/dL; normal range, 2.5 to 5.1 mg/dL), which are associated
with parathyroid function, were also in the normal range.
Cytopathologic findings

Under suspicion of thyroid cancer, a single fine-needle aspiration (FNA) of the mass in the right lobe was performed. Cellular
smears were placed on slides and stained with hematoxylin and
eosin or Papanicolaou staining, and the cytological features of the
mass in the right lobe showed admixture of various components,
making it difficult to subtype (Fig. 2A, B). Some areas demonstrated cytologic findings, which were unexpectedly divided into
two components with a clear distinction (Fig. 2C). First, papillary
clusters or syncytium-like arrangements consisting of tumor cells
with pale enlarged nuclei, irregular nuclear membranes, and nuclear grooves, often accompanied with psammoma bodies, were
observed and supported the diagnosis of PTC (Fig. 2D, E). Some
areas having cytologic features admixed with both tumor components often showed intranuclear pseudo-inclusions and multinucleated giant cells (Fig. 2E, F). The other component composed
of oval- to spindle-shaped tumor cells with granular chromatin
and smooth nuclear membrane forming non-cohesive clusters indicated the possibility of MTC (Fig. 2G). The background was
somewhat hemorrhagic with scant colloid. Based on these cytological features, mixed PTC and MTC was suspected; thus, calcitonin immunocytochemistry was performed, and the serum
calcitonin level of the patient was measured. The serum calcitonin level was significantly elevated (103.3 pg/mL; normal range,
0 to 12 pg/mL) and calcitonin immunostaining showed strong
expression (Fig. 2H), supporting the existence of an MTC component. As a final cytologic diagnosis, suspicious for malignancy
(The Bethesda System for Reporting Thyroid Cytopathology,
category V) was rendered with an additional note suggestive of
mixed PTC and MTC [20].
Pathologic findings

Based on these evaluations, the patient underwent total thyroidectomy with anterior compartment neck dissection one
month after the first admission. On gross examination, the total
thyroidectomy specimen measured 5 × 4.5 cm at the greatest dimension. A well-demarcated multinodular yellowish mass measuring 1.9 × 1.8 cm was observed in the upper-to-mid portion of
the right lobe (Fig. 3A), and two small whitish nodules measuring 0.3 cm and 0.2 cm were also present in the mid-portion of the
left lobe. The remaining thyroid tissue was unremarkable. Microscopically, a dominant mass in the right lobe consisted of two
https://doi.org/10.4132/jptm.2022.08.03

morphologically distinct components, very closely attached to
each other but delineated by normal thyroid tissue and fibrous
tissue (Fig. 3B). One component was comprised of well-formed
papillary architecture lined by cuboidal cells with nuclear clearing
and irregular nuclear membrane (Fig. 3C, D), and the other component showed a cellular mass comprised of a sheet or nest of oval
cells with mild atypia and low mitotic activity (Fig. 3E, F). Neither necrosis nor hemorrhage was present in either component.
The histologic features of the former were specific for classical
type PTC with an extra-thyroidal extension measuring 1.4 cm,
and those of the latter were highly suspicious of MTC. Immunostaining was performed for the latter and showed cytoplasmic
immunoreactivity for calcitonin; thus, it was diagnosed as an
MTC measuring 1.8 cm (Fig. 3G, H). In addition, the histologic
findings of the remaining two small nodules in the mid-portion
of the left lobe were indicative of classical type PTC, measuring
0.3 cm and 0.2 cm. An anterior compartment neck dissection
yielded five regional lymph nodes and one peri-thyroidal lymph
node; no lymph node metastasis was observed. This specimen
was stage pT1b N0 according to the American Joint Committee on Cancer 8th edition criteria [21].
Genetic analysis

Because the patient had a rare coexisting PTC and MTC, genetic
analysis associated with thyroid carcinoma was performed, and it
was carried out without macrodissection for separating PTC and
MTC. Real-time polymerase chain reaction revealed a BRAF
V600 mutation and sequencing a BRAF exon 15 V600E mutation. However, sequencing did not reveal the RET gene mutation
for MEN2A, MEN2B, or familial MTC.
Follow-up observation

After the surgery, the patient underwent radioactive iodine
ablation using 80 mCi 131I and has been monitored regularly.
Immediately after the surgery, the serum calcitonin level decreased
to 3.9 pg/mL, which is in the normal range. One year after thyroidectomy, whole body screening with 123I showed no evidence
of recurrence or functioning metastasis. The routinely checked
thyroglobulin and anti-Tg Ab serum levels were also in the normal range. The patient was last seen at this institution 33 months
following her surgery and is still healthy with no symptoms of
discomfort.

DISCUSSION
The prThe origins of PTC and MTC are embryologically difhttps://jpatholtm.org/
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Fig. 2. Fine-needle aspiration cytology (FNAC) of the mass in the right thyroid lobe. (A) Low-power view of FNAC demonstrates dispersed
single cells and syncytial-type tissue fragments. (B) Loose cellular aggregates show a mixture of oval- to spindle-shaped tumor cells with
various chromatin patterns. (C) Two distinct clusters with cytologically different features: syncytium-like arrangement consisting of neoplastic
cells with nuclear enlargement, crowding, and chromatin clearing (asterisk) and loose clusters with a streaming pattern composed of oval- to
spindle-shaped tumor cells with smooth nuclear membrane (double asterisk). (D) High-power view of cytologic features of papillary carcinoma shows cellular syncytium composed of cells with irregular nuclear membrane, nuclear groove, and nuclear clearing (Papanicolaou stain).
(E) The presence of concentric lamellated calcified structures (arrowheads), known as psammoma bodies, is a diagnostic histologic feature
of papillary carcinoma. The presence of intranuclear pseudo-inclusion (black circle) supports the presence of the papillary carcinoma component but can also be observed in the medullary carcinoma component (Papanicolaou stain). (F) Some multinucleated giant cells (arrowheads) are also observed in the papillary carcinoma (Papanicolaou stain). (G) High-power view of cytologic features of medullary carcinoma
shows oval- to spindle-shaped dispersed cells with granular chromatin. (H) The component suspicious for medullary carcinoma shows diffuse and strong cytoplasmic and nuclear positivity in the immunocytochemical staining for calcitonin.
https://jpatholtm.org/
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Fig. 3. Gross and microscopic presentation of the right thyroid lobe of total thyroidectomy specimen. (A) A well-demarcated multinodular yellowish mass measuring 1.9 × 1.8 cm in the upper-to-mid portion. After microscopic evaluation, a well-demarcated yellowish nodular lesion
(double asterisk) is determined to be a medullary carcinoma component and the other infiltrative irregular lesion (asterisk) a papillary carcinoma
component. (B) On the low-power view of the mass including both components, a medullary carcinoma component (double asterisk) is identified immediately adjacent to the papillary carcinoma component (asterisk). The two components are clearly separated from each other by fibrous tissue and intervening normal thyroid tissue. (C, D) Papillary carcinoma component. (C) At low power, an infiltrative border and predominantly papillary complex branching structures are identified. (D) At high power, well-developed papillary architectures lined by cuboidal tumor
cells with chromatin clearing are observed. (E, F) Medullary carcinoma component. (E) At low power, a lobulated cellular mass composed of
several nests of neoplastic cells is observed. (F) At high power, the tumor consists of multiple nests composed of oval- to spindle-shaped cells
with hyperchromatic nuclei. (G, H) Immunohistochemical stain for calcitonin in the histologic specimen. (G) At low power, the papillary carcinoma component (asterisk) shows negativity, and the medullary carcinoma component (double asterisk) shows diffuse and strong positivity for
calcitonin. (H) At high power, diffuse and strong positivity, both cytoplasmic and nuclear, in the medullary carcinoma component is observed.
https://doi.org/10.4132/jptm.2022.08.03

https://jpatholtm.org/

306 • Koh HH & Oh YL

ferent; thyroglobulin-producing follicular cells derive from a
median endodermal anlage, and the C-cells stem from an ultimobranchial body [3,11]. Despite this distinction, several cases
regarding the coexistence of PTC and MTC have been reported
in the literature, representing less than 1% of all thyroid malignancies [2,14,15]. The coexistence of PTC and MTC may appear
either separately as a collision tumor or mixed as a tumor showing dual differentiation. The latter is termed mixed medullary
and papillary carcinoma according to the WHO classification
and is exceedingly rare. Various hypotheses explaining the coexistence of PTC and MTC have been postulated [9], such as stem
cell theory, divergent differentiation theory, field effect theory,
hostage theory, and collision theory.
The Bethesda System for Reporting Thyroid Cytopathology
standardizes reporting and cytologic criteria in FNAC of the thyroid [22]. Because the specific histologic features of PTC, including nuclear clearing, nuclear groove, and pseudo-inclusion with
papillary architecture, are well known, and cytopathologists often
encounter this entity due to its high prevalence, PTC can be
easily diagnosed. Conversely, MTC can exhibit a wide range of
histologic morphology in terms of both architecture and cytologic
features, likening this entity to a chameleon. Some cytologic features, including eccentric nuclei, salt-and-pepper chromatin, inconspicuous nucleoli, binucleation or multinucleation, and ill-defined cytoplasmic border, have been considered pathognomonic
findings. However, MTC variably can show nuclear grooves or
inclusions, which require distinguishing it from PTC, and the
finely granular cytoplasm leads to the possibility of Hürthle cell
neoplasm [23]. Due to the various morphologies of MTC, a definitive diagnosis based only on FNAC is difficult, and a large
number of differential diagnoses exist. In clinical practice, measuring serum calcitonin level or immunostaining for calcitonin
is not routinely performed for all patients with suspected thyroid
malignancy. Although serum calcitonin is a useful diagnostic
tool for detecting MTC with high sensitivity, it may be increased
due to a hypercalcemic state such as renal failure, and a smallsized MTC may fail to increase the level; thus, routine measurement remains debatable. Therefore, cytopathologists can misdiagnose or overlook MTC. Because the surgical plan, management
after surgery, and indicators for surveillance of PTC and MTC are
entirely different, recognizing the possible coexistence of PTC
and MTC and considering it as a differential diagnosis is necessary to not miss concurrent lesions. Similarly, in our case, if the
cytopathologist had not been aware of the possibility of coexisting
PTC and MTC, the MTC component of the FNA specimen
would have been overlooked, and the serum calcitonin level would
https://jpatholtm.org/

not have been checked before the surgery. In addition, MTC has
more propensity for locoregional invasion than PTC; thus, the extent of surgery should be carefully determined, and the prognosis
is usually worse than for PTC. The preoperative cytologic diagnosis
determined the surgical plan and an adequate surveillance strategy
implemented after surgery that was clinically relevant.
Due to the aggressive clinical course of MTC, accurate preoperative detection is a prerequisite for improving prognosis; thus,
the cytopathologist’s suspicion of MTC based on FNAC, the first
step of diagnosis, should be emphasized. Because diagnosing
MTC based on cytomorphology alone is very challenging due to
its rarity compared with PTC and the wide spectrum of cytologic
features that often overlap with other neoplasms, the detection rate
of FNAC in patients with MTC ranged from 12.5%–88.2% in
a meta-analysis including 15 relevant studies and 641 MTC
patients who underwent FNAC [24]. Seven cytomorphologic
features were readily recognized in FNAC of MTC: high cellularity, cellular pleomorphism, plasmacytoid cells, round cells,
discohesive cells, salt-and-pepper chromatin, and binucleation or
multinucleation [25]. In another study, the following important
cytologic parameters for MTC were also suggested: a dispersed
cell pattern of polygonal cells, azurophilic cytoplasmic granules,
and eccentric nuclei with coarse granular chromatin and amyloid
[26]. In the current case, discohesive cells arranged in a dispersed
pattern with moderate to high cellularity were observed, corroborating with the previous literature, and spindle cell morphology
with granular chromatin also supports the diagnosis of MTC.
However, the presence of pseudo-inclusion, known as the representative but not specific feature, might have led to a misdiagnosis of PTC; thus, immunostaining for calcitonin was helpful
for an accurate diagnosis. Conclusively diagnosing MTC only
using FNAC should be approached with caution; thus, cytopathologists are sometimes obliged to categorize difficult smears into
atypia of undetermined significance or follicular lesions of undetermined significance, namely AUS/FLUS. When FNAC findings
are unmet for the diagnostic criteria of any subtype or show various
findings suggestive of two or more components, cytopathologists
might suspect the presence of MTC, attempt immunocytochemistry for calcitonin, and recommend that clinicians consider the
measurement of serum calcitonin levels.
Concurrent occurrence of PTC and MTC was initially described
by Lamberg et al. in 1981 [17], and Biscolla et al. [27] reported a
fairly high rate (27/196, 13.8%) of concurrent PTC among patients with MTC in 2004. Several case reports of concurrent PTC
and MTC have been published [2,8,9,14,17,18]. Although our
case showed coexisting PTC and MTC separated by intervening
https://doi.org/10.4132/jptm.2022.08.03
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normal thyroid tissue in the shape of a collision tumor, they were
located very close to each other and appeared as one mass in the
right thyroid lobe on ultrasonography and CT. Furthermore, the
PTC and MTC components measured 1.4 cm and 1.8 cm, respectively, which are very similar. Consequently, the cytologic
specimen based on FNA could involve both components evenly.
Kim et al. [9] recently reported an original article containing
comprehensive information on 10 cases of concurrent PTC and
MTC; only four cases showed concurrent PTC and MTC in the
same thyroid lobe. The maximal PTC diameter measured less
than 1 cm (papillary microcarcinoma) in all but one case, and in
only one case, the PTC was 1.7 cm and the MTC 0.5 cm in size.
Because papillary microcarcinoma is a very prevalent neoplasm,
accounting for up to 30% of all PTCs, the authors [9] suggested
that concomitant PTC and MTC might be a simple coincidence.
However, the coexisting PTC and MTC in the present study
were very closely attached to each other, and their sizes were very
similar. The various hypotheses mentioned above for a coexisting PTC and MTC should be reconsidered for explaining this
phenomenon.
Collectively, we presented a case of coexisting PTC and MTC
in the same lobe in which the two components were attached but
separated by thin intervening stroma, resulting in both components aspirated using FNA before surgical removal. Because the
surgical plan and clinical course for PTC and MTC are different,
cytopathologists should be aware of this entity. Although the
pathogenesis of the coexistence of PTC and MTC is still poorly
understood and diverse hypotheses have been suggested, this
case may aid in determining the pathogenesis.
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