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Although pathologists have a good grasp of the morphologic 
criteria of conventional (intestinal type) dysplasia, several unfa-
miliar morphologic patterns of epithelial dysplasia have been 
recently described in inflammatory bowel disease (IBD). They 
are collectively referred to as “non-conventional” dysplasia, and 
there are at least seven subtypes that have been reported to date. 
This review summarizes their morphologic criteria as well as 
clinicopathologic and molecular features that distinguish them 
from conventional dysplasia or sporadic adenomas. The review 
is divided into three major parts: (1) clinical importance and 
management of invisible/flat dysplasia, (2) potential significance 
of non-conventional dysplasia, and (3) subtypes of non-conven-
tional dysplasia—(a) hypermucinous dysplasia, (b) crypt cell 
dysplasia, (c) dysplasia with increased Paneth cell differentia-
tion, (d) goblet cell deficient dysplasia, and (e) serrated dysplasia, 
including sessile serrated lesion (SSL)–like dysplasia, traditional 

serrated adenoma (TSA)–like dysplasia, and serrated dysplasia, 
not otherwise specified (NOS).

CLINICAL IMPORTANCE AND MANAGEMENT 
OF INVISIBLE/FLAT DYSPLASIA

IBD is a well-established risk factor for the development of 
dysplasia and/or colorectal cancer (CRC) [1-5]. The risk of CRC 
is similar in both ulcerative colitis (UC) and Crohn’s disease [3], 
but younger age, male gender, longer disease duration, and pri-
mary sclerosing cholangitis (PSC) are often associated with a 
higher risk of developing dysplasia and/or CRC [4,6-8]. Sur-
veillance colonoscopy is typically initiated at eight years after 
IBD diagnosis to detect pre-invasive, dysplastic lesions to reduce 
mortality from CRC [9-13]. 

Traditionally, the detection of IBD-related dysplasia has re-

Non-conventional dysplastic subtypes in inflammatory bowel disease: 
a review of their diagnostic characteristics and 

potential clinical implications

Won-Tak Choi
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The early detection and grading of dysplasia is the current standard of care to minimize mortality from colorectal cancer (CRC) in pa-
tients with inflammatory bowel disease. With the development of advanced endoscopic resection techniques, colectomy is now re-
served for patients with invisible/flat dysplasia (either high-grade [HGD] or multifocal low-grade dysplasia) or endoscopically unresect-
able lesions. Although most pathologists are familiar with the morphologic criteria of conventional (intestinal type) dysplasia, the most 
well-recognized form of dysplasia, an increasing number of diagnostic material has led to the recognition of several different morpho-
logic patterns of epithelial dysplasia. The term “non-conventional” dysplasia has been coined to describe these changes, but to date, 
the recognition and full appreciation of these novel forms of dysplasia by practicing pathologists is uneven. The recognition of these 
non-conventional subtypes is becoming increasingly important, as some of them appear to have a higher risk of developing HGD or 
CRC than conventional dysplasia or sporadic adenomas. This review describes the morphologic characteristics of all seven non-con-
ventional subtypes that have been reported to date as well as our current understanding of their clinicopathologic and molecular fea-
tures that distinguish them from conventional dysplasia or sporadic adenomas.
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lied on targeted sampling of endoscopically visible lesions as 
well as extensive random biopsies [14,15]. Also, it was thought 
to be important to distinguish IBD-related polypoid dysplasia 
(dysplasia-associated lesion or mass) from a sporadic adenoma, 
because the former was an indication for colectomy due to the 
high perceived probability of associated CRC, while the latter 
was usually treated by simple polypectomy [16]. However, 
along with advances in both endoscopic visualization and resec-
tion capability, it has become clear that the vast majority of 
IBD-related dysplastic lesions are endoscopically visible [17,18] 
and can be safely managed with endoscopic resection [19-22]. 
In fact, a systemic review of 10 studies reported 0.5% annual 
incidence of CRC in IBD patients with endoscopically resect-
able visible/polypoid dysplasia [19]. In light of these findings, 
the recent SCENIC (Surveillance for Colorectal Endoscopic Neo-
plasia Detection and Management in Inflammatory Bowel Dis-
ease Patients: International Consensus Recommendations) 
guidelines recommend that all visible/polypoid dysplastic lesions 
in IBD patients be managed with endoscopic resection (Fig. 1A), 
while invisible/flat dysplasia, particularly high-grade dysplasia 
(HGD), often necessitates colectomy (Fig. 1B) [13]. Indeed, sev-

eral studies reported high rates of synchronous CRC (50%–67%) 
in colectomy specimens following a diagnosis of invisible/flat 
HGD [12,23-25]. Although the management of invisible/flat 
low-grade dysplasia (LGD) remains controversial due to its highly 
variable progression rates to advanced neoplasia (HGD or CRC) 
ranging from 0% to > 50% [23,26-37], colectomy is usually 
recommended for multifocal invisible/flat LGD [13].

There is evidence that IBD-related invisible/flat dysplasia 
may have different molecular features compared with visible/
polypoid dysplasia. For instance, the frequency of large-scale 
chromosomal alterations resulting in aneuploidy as detected by 
DNA flow cytometry is significantly higher in invisible/flat dys-
plasia (41% for invisible/flat LGD and 93% for invisible/flat 
HGD) [37] than in low-grade conventional dysplasia (8%) or 
sporadic adenomas (9%) [38]. Likewise, using next-generation 
sequencing, Wanders et al. [39] reported that IBD-related dys-
plastic lesions that are often invisible or flat have more DNA 
copy number alterations (average number of gains and losses of 
4.3 and 3.2, respectively) than sporadic adenomas (1.5 and 0.5, 
respectively). Overall, these findings indicate that invisible/flat 
dysplasia has more chromosomal instability than conventional 
dysplasia or sporadic adenomas, which may explain its frequent 
association with advanced neoplasia. In support of this, we also 
demonstrated that the presence of aneuploidy in the setting of 
invisible/flat LGD is a significant risk factor for subsequent 
detection of advanced neoplasia with the univariate and multi-
variate hazard ratios of 5.3 (p = .006) and 4.5 (p = .040), respec-
tively [37]. 

POTENTIAL SIGNIFICANCE 
OF NON-CONVENTIONAL DYSPLASIA

Most of the literature on IBD-related dysplasia refers to con-
ventional (or intestinal type) dysplasia, the most common form 
of dysplasia. Conventional dysplasia is defined by histologic fea-
tures fundamentally identical to those of sporadic adenomas 
(Fig. 2A). In fact, the Riddell grading system proposed in 1983 
for assessment of epithelial dysplasia in IBD mostly pertains to 
conventional dysplasia and categorizes IBD-related dysplasia 
into either LGD or HGD based on the degree of cytologic and/
or architectural atypia [40]. LGD is characterized by crowded, 
elongated, hyperchromatic nuclei that are confined to the basal 
half of the cytoplasm, involving both crypts and surface epithe-
lial cells (Fig. 2A), whereas HGD shows more severe cytologic 
(i.e., enlarged, rounder nuclei, pleomorphism, and loss of nuclear 
polarity) and/or architectural atypia (such as back-to-back glands 

Resection of endoscopically visible/polypoid lesion

Positive for dysplasia

Re-excision Surveillance every 1–2 years

Negative for dysplasia

Incomplete 
excision

Complete 
excision

Random biopsy

Positive for dysplasia Indefinite for dysplasiaNegative for dysplasia

Colectomy Surveillance 
or colectomy

Surveillance 
every 1–2 years

  Repeat colonoscopy: 
  Favor dysplasia
      3–6 months
  Favor benign
      6–12 months

High-grade Low-grade

A

B

Fig. 1. Algorithms for management of endoscopically visible/polyp-
oid dysplasia (A) versus invisible/flat dysplasia (B) in inflammatory 
bowel disease patients undergoing surveillance colonoscopies. 
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and cribriform formation) (Fig. 2B) [40]. Goblet cells may be 
reduced, but they are easily identified. Although a diagnosis of 
HGD does not require surface involvement, pathologists are ac-
customed to diagnosing dysplasia—including HGD—when 
dysplastic cells involve the surface epithelium. If nuclear atypia 
is limited to the crypt base without surface involvement, a diag-
nosis of “indefinite for dysplasia (IND)” or “reactive atypia” is 
often rendered, largely based on the assumption that true dys-
plasia does not maintain the capacity for maturation, as dysplastic 
cells migrate toward the surface epithelium. 

Although pathologists have a good grasp of the morphologic 
criteria of conventional dysplasia, several unfamiliar morphologic 
patterns of dysplasia (collectively known as “non-conventional” 
dysplasia) have been recently described in IBD. There are at least 
seven subtypes, including (1) hypermucinous dysplasia; (2) crypt 
cell dysplasia; (3) dysplasia with increased Paneth cell differen-
tiation; (4) goblet cell deficient dysplasia; (5) SSL-like dysplasia; 
(6) TSA-like dysplasia; and (7) serrated dysplasia NOS [38,41-43]. 
Although their clinicopathologic and molecular features are not 
fully characterized, in part due to the rarity of these subtypes 
and the likelihood that they are under-recognized, the recogni-
tion of these non-conventional subtypes is becoming increasingly 
important, as they often present as invisible/flat lesions, and at 
least some of them appear to have a higher malignant potential 
than conventional dysplasia or sporadic adenomas. 

In this regard, we previously reported that non-conventional 
dysplasia, as a group, is common in a cohort of 58 IBD patients 
with CRC, detected in 45% [41]. Although it was often associ-

ated with conventional dysplasia, more commonly in the same 
colonic segment, up to 21% of the patients had non-conventional 
dysplasia only. Interestingly, despite its low-grade morphology 
(81% vs. 37% for conventional dysplasia; p = .003), non-con-
ventional dysplasia was found in the same colonic segment as 
CRC or immediately adjacent to the CRC at a rate (85%) similar 
to conventional dysplasia (96%). Furthermore, CRC occurring in 
patients with non-conventional dysplasia only was more likely to 
be high-grade (poorly differentiated; 36%) than CRC that occurred 
in association with conventional dysplasia (10%) (p = .026). Taken 
together, these findings, for the first time, raised the possibility 
that non-conventional dysplasia may be associated with an in-
creased risk for advanced neoplasia compared with conventional 
dysplasia. 

In support of this argument, we recently reported that non-
conventional dysplasia (38%) is more frequently associated with 
advanced neoplasia than conventional dysplasia (19%) (p < .001) 
[38]. Notably, non-conventional dysplasia with low-grade mor-
phology had a significantly higher rate of aneuploidy (46%) than 
low-grade conventional dysplasia (8%, p = .002) or sporadic ade-
nomas (9%, p = .037). Also, non-conventional dysplasia (41%) 
was more likely to present as invisible/flat dysplasia than conven-
tional dysplasia (18%) (p < .001), suggesting that a current move 
towards performing only targeted biopsies in IBD patients [44] 
may miss some of these high-risk, non-conventional dysplastic 
lesions, and that IBD patients may potentially benefit from ran-
dom biopsies in addition to targeted sampling of visible lesions.

In another larger multicenter study of 126 additional cases of 

Fig. 2. Conventional dysplasia. (A) Invisible/flat low-grade dysplasia shows a tubular architecture lined by crowded, pencillate, hyperchro-
matic nuclei involving both crypts and surface epithelial cells. While goblet cells are reduced, they are easily identified. (B) Invisible/flat high-
grade dysplasia shows severe cytologic and architectural atypia. 

A B
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non-conventional dysplasia (including 55 hypermucinous, 45 
crypt cell, and 26 goblet cell deficient dysplastic lesions), we 
demonstrated that 66% of the non-conventional dysplastic le-
sions presented as invisible/flat lesions (vs. 18% for conventional 
dysplasia; p < .001), and that 60% of the lesions were associated 
with subsequent detection of advanced neoplasia at the site of 
previous biopsy or in the same colonic segment within a mean 
follow-up time of 12 months (vs. 10% for conventional dyspla-
sia; p < .001) (unpublished results). Overall, these findings sup-
port that non-conventional dysplasia has distinct clinicopatho-
logic, molecular, and risk profiles compared with conventional 
dysplasia, underscoring the importance of recognizing non-con-
ventional dysplasia and recommending its complete removal and/
or careful follow-up.

SUBTYPES OF 
NON-CONVENTIONAL DYSPLASIA

Hypermucinous dysplasia

Hypermucinous dysplasia represents approximately 2% of all 
dysplastic lesions in IBD patients (Table 1) [38]. Most patients 
have a long history of IBD with a mean duration of 23 years. It 
is predominantly found in UC patients (86%) who often have a 
concurrent history of PSC (29%). Although the majority of hyper-
mucinous dysplastic lesions have a polypoid endoscopic appear-
ance with a mean size of 2.1 cm [38], up to 42% are endoscopi-
cally invisible or flat (unpublished results). Hypermucinous 
dysplasia shows a predilection for the left colon (57%). 

Morphologically, hypermucinous dysplasia most often dem-
onstrates a tubulovillous/villous architecture lined by tall, prom-
inent mucinous cells representing > 50% of the lesion (Fig. 3A, B) 
[38,41,43]. Although low-grade dysplastic features are usually 
present in crypts, the degree of atypia tends to decrease towards 
the surface epithelium due to prominent mucinous differentia-
tion, so one must be careful not to miss hypermucinous dyspla-
sia when evaluating superficial fragments with hypermucinous 
features but without significant nuclear atypia (Fig. 3B). The 
presence of high-grade nuclear features is relatively uncommon 
(29%). Hypermucinous dysplasia can present either as a ‘pure 
type’ or a ‘mixed type’ with either conventional or another non-
conventional subtype (most often with a serrated subtype) [41]. 
However, to be categorized as the mixed type, the hypermuci-
nous component should represent > 50% of the lesion.

There is increasing evidence that hypermucinous dysplasia 
may be a marker of increased risk for advanced neoplasia. First, 
hypermucinous dysplasia was the most common non-conven-

tional subtype (42%) found in a cohort of 58 IBD patients with 
CRC [41]. Second, a significant proportion of hypermucinous 
dysplastic lesions (57%) were associated with advanced neopla-
sia [38]. In another study, we demonstrated that 19 (49%) of 
39 low-grade hypermucinous dysplastic lesions were correlated 
with subsequent detection of HGD (n = 9, 23%) or adenocarci-
noma (n = 10, 26%) at the site of previous biopsy or in the same 
colonic segment within a mean follow-up time of 11 months (un-
published results). Third, hypermucinous dysplasia, even without 
cytologic atypia, has been shown to have a higher rate of KRAS 
mutations (61%) than conventional LGD (4%, p < .001) or 
HGD (29%, p > .05) [45]. Similarly, we reported that the fre-
quency of aneuploidy in low-grade hypermucinous dysplasia 
(80%) is significantly higher than that of low-grade conventional 
dysplasia (8%) or sporadic adenomas (9%) (p < .001) [38]. In 
fact, its rate of aneuploidy (80%) is similar to that of invisible/
flat HGD (93%) [37]. Overall, these results indicate that despite 
its low-grade morphology, hypermucinous dysplasia shares simi-
lar molecular features with conventional HGD, suggesting that 
it may represent at least a high-risk low-grade lesion, if not al-
ready HGD. These findings also suggest that KRAS mutations 
and/or aneuploidy may contribute to the development of tubulo-
villous/villous growth, larger size, and/or higher biologic grade in 
hypermucinous dysplasia [46]. Similar to conventional dysplasia, 
hypermucinous dysplasia most likely develops via the chromo-
somal instability pathway involving multiple genetic mutations 
(including KRAS, TP53, and APC genes) and altered regula-
tion of Wnt/β-catenin pathway, as well as aneuploidy [47-50]. 

Crypt cell dysplasia

Crypt cell dysplasia accounts for approximately 4% of all 
dysplastic lesions in IBD patients (Table 1) [38], but it is likely 
an under-diagnosed entity. Most patients have a long history of 
IBD (mean duration: 15 years) and often have a concurrent history 
of PSC (43%) [38,42]. It is predominantly found in UC patients 
and shows a propensity for the left colon (79%). It exclusively 
presents as an invisible/flat lesion. When endoscopically visible, 
it has been described as “mild inflammation,” “edema,” “erythe-
ma,” “friable,” or “scarring” [42]. 

Histologically, crypt cell dysplasia is characterized by mildly 
enlarged, round-to-oval or slightly irregular, crowded, hyperchro-
matic nuclei limited to the crypt base without surface involve-
ment or significant architectural atypia (Fig. 3C, D) [38,42,43]. 
Increased mitoses at the base of crypts are common (Fig. 3D). 
Although a few scattered cells may show more than mild nucle-
ar enlargement and/or focal loss of nuclear polarity, there is no 
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unequivocal evidence of HGD. To avoid confusion with reactive 
changes, significant neutrophilic inflammation and/or ulceration 
should be absent. Immunohistochemical staining for p53 could 
be potentially useful to distinguish crypt cell dysplasia from re-
active changes, as strong and diffuse p53 nuclear staining has 
been reported in up to 63% of crypt cell dysplastic lesions [42]. 

Similar to hypermucinous dysplasia, crypt cell dysplasia is 
considered a high-risk marker for advanced neoplasia. In sup-
port of this, we reported that six of seven patients (86%) with 
crypt cell dysplasia developed HGD (n = 4, 57%) or CRC (n = 2, 
29%) in the same colonic segment within a mean follow-up 
time of 27 months [38,42]. Notably, all 14 biopsies with crypt 
cell dysplasia from the seven patients demonstrated aneuploidy 
[42]. This is consistent with our previous finding that invisible/

flat dysplasia in IBD patients is characterized by the high rate 
of aneuploidy (41% for invisible/flat LGD and 93% for invisi-
ble/flat HGD) [37]. Taken together, these findings indicate that 
crypt cell dysplasia likely represents at least high-risk LGD, if 
not already HGD. Other investigators also reported that TP53 
(43%) and KRAS (14%) mutations are common in crypt cell 
dysplasia, further confirming its dysplastic nature [47]. Of note, 
these results are very similar to what has been described in Bar-
rett’s esophagus-related “crypt dysplasia,” which showed similar 
molecular alterations (i.e., aneuploidy and TP53 mutations) that 
are normally found in traditional dysplasia with surface involve-
ment [51]. 

In practice, it may be difficult to diagnose and/or grade crypt 
cell dysplasia in a consistent manner on histologic grounds alone. 

Fig. 3. Hypermucinous and crypt cell dysplasias. (A) Hypermucinous dysplasia demonstrates a tubulovillous lesion with mild nuclear atypia 
and prominent mucinous differentiation. (B) Superficial fragments of hypermucinous dysplasia show prominent mucinous cells with minimal 
to no nuclear atypia. (C, D) Crypt cell dysplasia is characterized by mostly round-to-oval or slightly elongated, hyperchromatic nuclei with 
mild nuclear enlargement and crowding limited to the crypt base without surface involvement. Increased mitoses are present (D). 
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In fact, we previously reported a poor interobserver agreement 
in the diagnosis and/or grading of crypt cell dysplasia [42]. Even 
though the majority of pathologists recognized its atypical mor-
phology and diagnosed as IND, LGD, or HGD in 83% of their 
readings, a diagnosis of IND was made in 50% rather than either 
LGD (13%) or HGD (19%). As such, in challenging situations, 
we recommend that pathologists use the diagnostic term “crypt 
cell atypia” to describe similar changes and recommend a repeat 
colonoscopy within 3–6 months. If there is significant neutro-
philic inflammation and/or ulceration in the areas of cytologic 
atypia, it may be more appropriate to make a diagnosis of IND 
and suggest a repeat colonoscopy within 3–6 months (Fig. 1B). 

Dysplasia with increased Paneth cell differentiation

Dysplasia with increased Paneth cell differentiation is a com-
mon non-conventional subtype accounting for 51% of non-
conventional dysplastic lesions and 13% of all dysplastic lesions 
in IBD patients (Table 1) [38]. The majority of affected patients 
have a long history of IBD (mean duration: 17 years), but a con-
current history of PSC is rare (9%). Dysplasia with increased 
Paneth cell differentiation most often presents as a polypoid le-
sion (70%) with a mean size of 1 cm. The right colon is most fre-
quently involved (45%), and there appears to be a strong associa-
tion with male sex (82%).

The defining histologic feature of dysplasia with increased 
Paneth cell differentiation is increased Paneth cell differentia-
tion involving at least two contiguous dysplastic crypts in two 
different foci (beyond what is present in background mucosa) 
(Fig. 4A, B) [38,41,43]. It usually demonstrates a tubular archi-
tecture mostly lined by elongated, hyperchromatic nuclei in-
volving both crypts and surface epithelial cells. Goblet cells may 
be reduced, but they are not absent or nearly-absent. Although 
scattered Paneth cells may be present in other dysplastic sub-
types, they are not present in multiple crypts and in multiple foci 
as in dysplasia with increased Paneth cell differentiation, and the 
same degree of Paneth cell differentiation is always present in 
adjacent, non-dysplastic mucosa. 

Unlike hypermucinous and crypt cell dysplasias, increased 
Paneth cell differentiation may be a marker of lower-risk lesions. 
In favor of this, we previously demonstrated that the risk of har-
boring advanced neoplasia in dysplasia with increased Paneth 
cell differentiation (15%) is compatible to that of conventional 
dysplasia (19%) (p = .523). Also, the rate of aneuploidy in low-
grade lesions (12%) is similar to that of low-grade conventional 
dysplasia (8%, p = 0.715) or sporadic adenomas (9%, p = .823) 
[38]. These results are in agreement with our previous finding 

that dysplasia with increased Paneth cell differentiation was a rare 
non-conventional subtype (11%) found in a cohort of 58 IBD 
patients with CRC [41]. 

Interestingly, sporadic Paneth cell-containing adenomas have 
been described in the literature with the reported frequency of 
0.2% to 39% [52-55]. Even though these earlier studies defined 
the presence of even one Paneth cell as histologic evidence of 
increased Paneth cell differentiation, sporadic Paneth cell-con-
taining adenomas appear to share similar clinicopathologic fea-
tures with their IBD-related counterpart. For instance, Pai et al. 
[55] reported that sporadic Paneth cell-containing adenomas 
are more likely to occur in the right colon (85% vs. 56% for non-
Paneth cell-containing adenomas; p = .006) and in male indi-
viduals (89% vs. 56% for non-Paneth cell-containing adenomas; 
p = .002). Also, Mahon et al. [53] demonstrated that sporadic 
Paneth cell-containing adenomas in the proximal (p = .157) and 
distal colon (p = .797) are not significantly associated with subse-
quent detection of CRC, compared with non-Paneth cell-con-
taining adenomas. 

Goblet cell deficient dysplasia

Goblet cell deficient dysplasia represents approximately 3% 
of all dysplastic lesions in IBD patients (Table 1) [38]. Most 
patients have a long history of IBD (mean duration: 17 years). 
Although a concurrent history of PSC is not uncommon (14%), 
it appears to be not as frequent as in patients with crypt cell 
dysplasia (43%) or hypermucinous dysplasia (29%). Goblet cell 
deficient dysplasia is often endoscopically invisible or flat (40%), 
but when endoscopically visible, it usually presents as a large pol-
ypoid lesion with a mean size of 1.9 cm. It is equally common in 
both right and left colon (40% each). 

Morphologically, goblet cell deficient dysplasia is defined by 
a complete or near-complete absence of goblet cells, often lead-
ing to intensely eosinophilic cytoplasm (Fig. 4C, D) [38,41,43]. 
It predominantly shows a tubular architecture with low-grade 
dysplastic features involving both crypts and surface epithelial 
cells. However, up to 40% of goblet cell deficient dysplastic le-
sions may demonstrate HGD at diagnosis. Eosinophilic luminal 
secretion is another common histologic feature of goblet cell de-
ficient dysplasia (Fig. 4C). 

Similar to hypermucinous and crypt cell dysplasias, goblet cell 
deficient dysplasia may be another high-risk marker for advanced 
neoplasia. In support of this, as noted above, 40% of goblet cell 
deficient dysplastic lesions were associated with advanced neopla-
sia [38]. In another study, we demonstrated that 10 (59%) of 
17 low-grade goblet cell deficient dysplastic lesions were corre-
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lated with subsequent detection of HGD (n = 4, 24%) or adeno-
carcinoma (n = 6, 35%) at the site of previous biopsy or in the same 
colonic segment within a mean follow-up time of 13 months (un-
published results). Also, low-grade goblet cell deficient dyspla-
sia appears to have a higher rate of aneuploidy (25%) than low-
grade conventional dysplasia (8%) or sporadic adenomas (9%) 
[38]. Furthermore, other investigators reported the high rates 
of TP53 (44%), KRAS (22%), and PIK3CA (56%) mutations 
in goblet cell deficient dysplasia [47]. 

Serrated dysplasia

This category includes three distinct subtypes, including SSL-
like dysplasia, TSA-like dysplasia, and serrated dysplasia NOS 
[38,41,43]. Serrated dysplastic lesions usually present as polyp-

oid lesions with a mean size of 1.2 cm (Table 1) [38,56],  and they 
are known to share similar clinicopathologic and molecular fea-
tures with their sporadic counterparts [38,56-58]. For instance, 
while TSA-like dysplasia shows a propensity for the left colon, 
SSL-like dysplasia is more common in the right colon [38,56,57]. 
Ko et al. [56] also reported that low-grade serrated dysplasia in 
IBD patients often resembles sporadic TSA, occurs mainly in 
the left colon, and contains KRAS mutations (45%). In addi-
tion, serrated dysplasia, in particular SSL-like dysplasia, usually 
lacks aneuploidy, suggesting that an alternative serrated path-
way (without resulting in aneuploidy) may be responsible for 
the development of at least a subset of SSL-like and TSA-like 
dysplastic lesions [38,58]. 

Histologically, SSL-like dysplasia is characterized by distorted 

Fig. 4. Dysplasia with increased Paneth cell differentiation and goblet cell deficient dysplasia. (A, B) Dysplasia with increased Paneth cell dif-
ferentiation shows increased Paneth cell differentiation involving multiple dysplastic crypts. (C, D) Goblet cell deficient dysplasia is defined by 
a complete or near-complete absence of goblet cells, leading to intensely bright eosinophilic cytoplasm. Eosinophilic luminal secretion is of-
ten seen in goblet cell deficient dysplasia (C). 
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serrated crypts with prominent basal crypt dilatation (i.e., dilat-
ed L- or inverted T-shaped crypts) at the interface with muscu-
laris mucosa (Fig. 5A) [38,41,43]. TSA-like dysplasia most often 
demonstrates a tubulovillous/villous architecture lined by tall 
columnar cells with intensely eosinophilic cytoplasm and ecto-
pic crypts (Fig. 5B) [38,41,43]. Serrated dysplasia NOS shows 
no definite features of SSL-like dysplasia or TSA-like dysplasia 
(Fig. 5C, D) [38,41,43]. Serrated dysplasia can co-exist with 
conventional dysplasia or another non-conventional subtype as 
a minor component, but to be classified as a specific serrated 
subtype, a serrated architecture should form the predominant 
feature representing > 50% of the lesion [38,41]. 

Although the natural history of serrated dysplasia is not well 

defined in IBD patients, low-grade serrated dysplasia (which 
often resembles sporadic TSA) has been reported to have higher 
rates of advanced neoplasia (17% within 10 years, p = .020) and 
prevalent neoplasia (76%, p < .001) than serrated lesions with-
out dysplasia (0% and 11%, respectively) [56]. Its 10-year rate 
of advanced neoplasia (17%) was similar to that of low-grade, 
non-serrated, conventional dysplasia (23%) [56]. Overall, these 
findings suggest that although serrated lesions that lack dysplasia 
seem to pose little risk for advanced neoplasia, those with LGD 
are associated with increased rates of synchronous and meta-
chronous neoplasia. However, their risk of developing advanced 
neoplasia is probably compatible to that of conventional dyspla-
sia (Table 1).

Fig. 5. Three subtypes of serrated dysplasia. (A) Sessile serrated lesion (SSL)–like dysplasia demonstrates a dilated L-shaped crypt at the in-
terface with muscularis mucosa. (B) Traditional serrated adenoma (TSA)–like dysplasia shows villiform projections lined by elongated nuclei 
with intensely eosinophilic cytoplasm and ectopic crypts. (C) Serrated dysplasia not otherwise specified (NOS) shows a complex serrated ar-
chitecture without definite features of SSL-like dysplasia or TSA-like dysplasia. (D) Another case of serrated dysplasia NOS mimics a hyper-
plastic polyp, but it shows full-thickness dysplasia with papillary or pseudopapillary changes on the surface epithelium.
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CONCLUSION

Non-conventional dysplasia in IBD has distinct clinicopatho-
logic, molecular, and risk profiles compared with conventional 
dysplasia. Despite its low-grade morphology, non-conventional 
dysplasia, in particular hypermucinous, crypt cell, and goblet 
cell deficient dysplasias, has molecular alterations characteristic 
of conventional HGD (i.e., higher rates of aneuploidy and/or KRAS 
mutations) and appears to have a higher malignant potential 
than conventional dysplasia or sporadic adenomas. Therefore, it 
is important to recognize different non-conventional subtypes 
and recommend complete removal and/or careful follow-up. Also, 
a significant proportion of non-conventional dysplastic lesions 
present as invisible/flat lesions, suggesting that IBD patients 
may benefit from increased endoscopic surveillance with random 
biopsy sampling in addition to targeted biopsies. 
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Bladder cancer is the sixth most prevalent cancer and ninth 
leading cause of cancer death in men worldwide [1]. Urothelial 
carcinoma comprises approximately 90% of bladder cancers, 
and exhibits a great propensity for divergent differentiation [2]. 
Reflecting this morphologic diversity, histologic variants have 
been proposed to define urothelial carcinoma with distinctive 
histomorphology that differs from that of conventional urothe-
lial carcinoma [2,3]. The World Health Organization (WHO) 
recently classified urothelial cancers into 13 histologic variants 
[4]. There is also accumulating evidence regarding the clinical 
relevance of histologic variants with regard to prognosis and re-
sponse to treatment. Therefore, it is becoming increasingly im-
portant to recognize the histologic variant [3,5]. Several histolog-
ic variants, including squamous differentiation, micropapillary 
carcinoma, plasmacytoid, sarcomatoid, and nested variants, are as-

sociated with unfavorable clinical outcomes [6-11]. These histo-
logical variants frequently persist, even in metastatic tumors [6]. 

In addition to histologic variants, tumor budding has also been 
proposed as a poor prognostic indicator [12,13]. Tumor bud-
ding is defined by the presence of single tumor cells or clusters 
of fewer than five cancer cells at the invasive front. It has been 
recognized as an adverse prognostic factor in several types of 
cancer, especially in colorectal cancer [14-17]. Tumor budding 
is considered to represent the epithelial to mesenchymal transi-
tion by which tumor cells achieve migratory and invasive proper-
ties for metastasis [18]. 

Radical cystectomy is the gold standard treatment for patients 
with muscle-invasive bladder cancer. Based on recent data, pa-
tients with non-muscle invasive bladder cancer harboring micro-
papillary carcinoma or plasmacytoid variants are also considered 
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candidates for early radical cystectomy due to the aggressive 
clinical course [2,6,9]. 

Distant metastasis occurs in 10%–29% of patients with blad-
der cancer during their disease course [19]. Once distant metas-
tasis develops, the long-term prognosis is generally poor [20]. 
Certain histologic variants in bladder cancer, including micro-
papillary carcinoma, the plasmacytoid variant, and the sarcoma-
toid variant, are associated with a high tendency to develop distant 
metastasis [8,10,21,22]. However, few studies have evaluated the 
histopathologic parameters and prevalence of histologic variants 
in metastatic urothelial carcinoma of distant metastatic sites, be-
cause histologic confirmation is rarely performed in this setting. 

In this study, we analyzed the histopathologic findings of 13 
cases of urothelial carcinomas of the urinary bladder with histo-
logically confirmed distant metastases. We studied the correla-
tion between the histomorphology of the primary tumors and 
that of subsequent distant metastases with an emphasis on the 
histologic variants. We also assessed various histopathologic pa-
rameters, including tumor budding. 

MATERIALS AND METHODS

Case selection 

A retrospective chart review was conducted of 477 patients 
with urothelial carcinoma of the urinary bladder who were 
treated by radical cystectomy at Ewha Womans University 
Mokdong Hospital between 1997 and 2017. Twelve of the 477 
patients with histologically confirmed distant metastasis were se-
lected for inclusion in this study. Additionally, one patient who 
was diagnosed with urothelial carcinoma by transurethral resec-
tion of the bladder and needle biopsy of the liver was included. 
The following clinical data were obtained from the medical re-
cords: sex, age, procedure, primary tumor size, metastatic site, bi-
opsy site, tumor stage, and follow-up data. 

Histologic evaluation 

All hematoxylin and eosin stained slides from the 13 patients 
were reviewed by two uropathologists (SP and EC). The stage, 
grade, and histologic variants were reclassified according to the 
Cancer Staging Manual of the American Joint Committee on 
Cancer, 8th edition and the 2016 WHO/International Society 
of Urologic Pathology grading system [4,23]. Histologic variants 
were compared between the matched primary and metastatic 
tumors. Data concerning lymphovascular invasion, perineural 
invasion, accompanying urothelial carcinoma in situ, and tumor 
budding were recorded. Tumor budding was assessed with hema-

toxylin and eosin staining. Tumor budding was defined by the 
presence of isolated tumor cells or small groups of fewer than five 
cancer cells at the invasion front [14]. Tumor budding foci were 
counted in hot spots under ×200 magnification. Tumor bud-
ding was regarded as high-grade when 10 or more budding foci 
were identified [24]. 

IHC staining

Immunohistochemical (IHC) staining for α-fetoprotein (AFP; 
1:1,000, clone C3, mouse monoclonal, Novocastra, Newcastle 
upon Tyne, UK) was performed on 4-um thick slides using an 
automated immunostainer (BOND MAX, Leica Biosystem, 
Newcastle upon Tyne, UK) following the manufacturer’s pro-
tocol. We performed immunostaining for AFP in one case with 
hepatic feature. In this case, most tumor cells demonstrated cyto-
plasmic expression for AFP.

RESULTS

Baseline features

The clinical features of the 13 patients are summarized in Ta-
ble 1. All 13 cases arose primarily from the urinary bladder. Ten 
patients (77%) were men, and the median age was 59 years 
(range, 38 to 76 years). Twelve patients were treated with radical 
cystectomy for urothelial carcinoma of the urinary bladder, and 
one patient underwent a transurethral resection of bladder tumor 
with concurrent liver metastasis. The primary tumor size (max-
imum tumor diameter by pathological report) ranged from 0.5 
to 8.5 cm (median, 3.5 cm). Clinically, eight (62%) distant 
metastatic lesions presented as solitary masses, while multiple 
metastatic lesions were detected in five cases (38%). Lymph 
nodes were the most frequent distant metastatic site (46%), fol-
lowed by the lung (38%), liver (31%), and adrenal gland (15%). 
The biopsy sites of distant metastatic tumors are presented in 
Table 1. Regarding pathologic tumor stage (pT), 10 cases (77%) 
were classified as muscle-invasive urothelial carcinoma (pT2–
T3), and three (23%) were classified as non-muscle-invasive 
urothelial carcinoma (pT1). The median follow-up duration 
was 47 months (range, 8 to 151 months). The median interval 
from the initial diagnosis of the primary lesion to that of distant 
metastasis was 25 months (range, 0 to 123 months). 

Histopathologic features 

The overall histopathologic findings are summarized in Table 
2. Eight cases (62%) presented with conventional high-grade 
urothelial carcinoma. Histologic variants were present in the pure 



https://jpatholtm.org/ https://doi.org/10.4132/jptm.2020.10.19

96     •  Yoo Y et al.

form in one case (1/13, 8%) and mixed with conventional high-
grade urothelial carcinoma in four cases (4/13, 31%). Four of 
these mixed cases (cases 1, 4, 7, and 11) had a micropapillary 
carcinoma component (3%–20%) and 1 (case 4) had concurrent 
squamous differentiation (70%). One case was diagnosed as an 
AFP-producing urothelial carcinoma. Lymphovascular and 
perineural invasion were identified in nine cases (69%) and six 
cases (46%), respectively. Most cases (77%) had concomitant 
urothelial carcinoma in situ. High-grade tumor budding was 
identified in six cases (46%) (cases 1, 4, 7, 8, 9, and 11) (Fig. 1). 

Histologic evaluation of the metastatic carcinomas was avail-
able in all 13 cases. Histologic variants were noted in the meta-
static sites in five of 13 cases (38%). Most of these histologic vari-

ants (80%, 4/5) were also identified in the primary tumors. In 
case 1, the metastatic tumor was entirely composed of micro-
papillary carcinoma, which was focally present (3%) in the cor-
responding primary tumor (Fig. 2A, B). Although the primary 
tumor of case 4 had components of micropapillary carcinoma 
(10%) and squamous differentiation (70%), the corresponding 
metastatic tumor only demonstrated carcinoma cells with squa-
mous differentiation (Fig. 2C, D). The primary tumor in case 6 
was considered a plasmacytoid variant, which was maintained 
at the metastatic site (Fig. 2E, F). In case 10, the primary tumor 
was a conventional high-grade urothelial carcinoma, which per-
sisted in the corresponding metastatic tumor along with focal 
squamous differentiation (1%). Squamous differentiation was 

Table 1. Baseline patient characteristics

Case Sex Age (yr) Operation
Primary tumor 

size (cm)
Clinical distant 
metastatic sites

Bx site of distant 
metastatic lesion 

pTNM F/U (mo)
Interval 

(mo)

1 M 59 RC 8.5, multiple Lung Lung pT2N0M1b   47   19
2 M 38 RC 0.5 (× 2) Liver, neck LN Neck LN pT2N0M1b   46   25
3 M 76 TURBT NA Liver Liver NA   22     0
4 M 55 RC 3.5, multiple Colon, peritoneal seeding Colon pT3N2M1b     8     8
5 M 58 RC 2.3, multiple Liver, adrenal gland, inguinal, retrocaval, 

  aortocaval LNs
Inguinal LN pT3N2M1b   30   13

6 M 74 RC 1.5 Axillary LN Axillary LN pT2N0M1a 151 123
7 F 59 RC 3.5 Liver Liver pT2N1M1b   43   28
8 M 64 RC 4.5 Adrenal gland Adrenal gland pT3N0M1b   68     6
9 F 64 RC 6, multiple Lung, vagina, right rectus muscle, 

  mediastinal LN
Lung pT1N0M1b   76   60

10 M 62 RC 2.5 Neck LN Neck LN pT1NXM1a   64   31
11 F 69 RC 2.5 Lung Lung pT3N0M1b   90   61
12 M 55 RC 3.8 Lung (both) Lung pT3N1M1b   16   16
13 M 59 RC 4 Inguinal LN Inguinal LN pT1N0M1a   61   58

Bx, biopsy; F/U, follow-up; RC, radical cystectomy; LN, lymph node; TURBT, transurethral resection of bladder tumor; NA, non-applicable.

Table 2. Comparison of histologic components between primary and distant metastatic tumors

Case 
No.

Stage Primary tumor histology LVI NI CIS TB Distant metastatic tumor histology 

1 pT2N0M1b Conventional UC with MPC (3%) + – – + MPC (100%) 
2 pT2N0M1b Conventional UC – + + – Conventional UC
3 NA AFP-producing type UC + NA – NA AFP-producing type UC 
4 pT3N2M1b Conventional UC with MPC (10%) and squamous differentiation (70%) + + + + Squamous differentiation (100%) 
5 pT3N2M1b Conventional UC + + + – Conventional UC
6 pT2N0M1a Plasmacytoid variant (100%) – – + – Plasmacytoid variant (100%)
7 pT2N1M1b Conventional UC with MPC (20%)  + – + + Conventional UC 
8 pT3N0M1b Conventional UC + + + + Conventional UC 
9 pT1N0M1b Conventional UC – – + + Conventional UC
10 pT1NXM1a Conventional UC + – + – Conventional UC with squamous (1%) 
11 pT3N0M1b Conventional UC with MPC (3%) + + + + Conventional UC with mpc (1%) 
12 pT3N1M1b Conventional UC + + + – Conventional UC
13 pT1N0M1a Conventional UC – – – – Conventional UC 

LVI, lymphovascular invasion; NI, neural invasion; CIS, carcinoma in situ; TB, tumor budding; UC, urothelial carcinoma; MPC, micropapillary carcinoma com-
ponent; NA, non-applicable; AFP, α-fetoprotein.
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not identified in the corresponding primary tumor. In case 11, 
the primary tumor showed predominant conventional high-
grade urothelial carcinoma with a small micropapillary carcino-
ma component (3%). The corresponding metastatic tumor also 
revealed small amounts of micropapillary carcinoma component 
(1%). In case 3, both primary and metastatic tumors were AFP-
producing urothelial carcinomas (Fig. 3). There were no remark-
able differences in the histomorphologic findings between pri-
mary and corresponding metastatic tumors in seven cases (cases 
2, 5, 7, 8, 9, 12, and 13) that were primarily diagnosed as con-
ventional high-grade urothelial carcinomas. 

DISCUSSION

Regional lymph node metastasis occurs in approximately 
30% of bladder cancers with muscle invasion (pT2) and 60% of 
bladder cancers with extravesical fat extension (pT3–pT4) [25]. 
The survival outcome of muscle-invasive bladder cancer (pT2–
pT4) with regional lymph node metastasis is poor with an 11% 
5-year survival rate [26]. Distant metastasis of bladder cancer 
develops in 10%–29% of patients [19]. Once distant metastasis 
occurs, survival outcome is very poor with a median survival 
time of 8.5 months [27]. 

A previous autopsy study of 367 patients with muscle-inva-
sive bladder cancer demonstrated that the frequency of metastases 
was strongly associated with local tumor extension and regional 
lymph node metastases. There was no difference in the frequency 
of metastases between 308 transitional cell carcinomas and 38 
squamous cell carcinomas [28] . 

In addition, a recent study on the metastatic patterns of blad-
der cancer showed that advanced T category or atypical histologic 
features were linked to an early occurrence of distant metastasis 

[29]. In this study, we confirmed that histologic variants were 
not uncommonly detected in urothelial carcinomas with distant 
metastasis. In addition, these histologic variants were usually 
present in both primary and accompanying metastatic tumors. 
Five of the 13 cases included histologic variants, one in pure form 
and four in mixed forms. The histologic variants of primary tumors 
were preserved in four corresponding metastatic tumors (4/5, 
80%). The following histologic variants of the primary tumors 
were maintained in the metastatic tumors: micropapillary carci-
noma variant (2/4, 50%), squamous differentiation (1/1, 100%), 
and plasmacytoid variant (1/1, 100%). 

Additionally, we present a case of AFP-producing urothelial 
carcinoma, which has only been described before in several case 
reports [30,31]. In the previously reported cases, most patients 
had an increased level of serum AFP, which is closely correlated 
with tumor burden and may serve as a tumor marker. All tumors 
also showed aberrant AFP expression by IHC [30,31]. El-Bah-
rawy et al. [31] emphasized that although AFP-producing uro-
thelial tumors are extremely rare, it is important to be aware of 
this tumor type because it requires a different chemotherapeutic 
regimen and has a different prognosis than do AFP-producing 
germ cell tumors. 

Previous studies reported that histologic variants are associated 
with an advanced disease stage [32]. Recognition of histologic 
variants is important because they commonly persist in meta-
static tumors and represent the association between primary and 
corresponding metastatic tumors [6,33]. However, to the best 
of our knowledge, no prior studies have evaluated the frequency 
of histologic variants in metastatic urothelial carcinomas com-
pared to that of primary urothelial carcinomas of the urinary 
bladder. In this study, we confirmed that the histologic variants 
of urothelial carcinoma, even if focally present, frequently metas-

Fig. 1. Representative morphology of tumor budding at the invasive front. (A, B) Hematoxylin and eosin staining shows single or small clus-
ters of tumor cells with up to 5 cells per cluster (arrows) detached from the main tumor mass.

A B
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Fig. 2. Histologic features of three histologic variants that are concurrently displayed in both primary and metastatic lesions. (A) In case 1, the 
primary bladder tumor focally shows a micropapillary carcinoma component characterized by small tight nests or balls with reverse polarity 
within lacunae. (B) A subsequent pulmonary metastatic lesion is entirely comprised of a micropapillary carcinoma component. (C) The prima-
ry bladder tumor in case 4 shows marked squamous differentiation. (D) Squamous differentiation seen in the primary tumor of case 4 is pre-
served in the subsequent colonic metastatic lesion. (E) In the primary bladder tumor of case 6, the tumor cells are entirely composed of 
highly atypical discohesive plasmacytoid cells arranged in a solid sheet-like arhitecture. These histologic findings are compatible with plas-
macytoid urothelial carcinoma. (F) Plasmacytoid morphology was maintained in the metastatic tumor cells in the axillary lymph node.

tasize to distant organs. Therefore, histologic examination of uro-
thelial carcinomas in the urinary bladder should be performed 
with an emphasis on the presence or absence of histologic variants. 

In this study, high-grade tumor budding was detected in almost 
half of all cases, including five muscle-invasive and one non-mus-
cle-invasive urothelial carcinomas. Lymphovascular invasion was 

present in all five muscle-invasive urothelial carcinoma cases 
with high-grade tumor budding. Tumor budding is a histologic 
phenomenon encountered at the invasive edge of various carci-
nomas. It represents the epithelial-mesenchymal transition by 
which tumor cells obtain the ability to disseminate and metas-
tasize [15,18]. Tumor budding is associated with aggressive bi-
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ologic characteristics in various types of carcinomas, including 
frequent lymphovascular invasion, advanced stage, and distant 
metastasis [15,18]. In colorectal cancer, high tumor budding has 
been identified as a predictive biomarker for distant metastasis 
at the locally advanced stage [18,34]. In this study, six cases (5 
which were muscle-invasive bladder cancer) showed lymphovas-
cular invasion that was associated with high-grade tumor bud-
ding. A few studies have investigated the clinicopathologic sig-
nificance of tumor budding in bladder cancer [12,13]. In two 
previous reports, high tumor budding was suggested to be an ad-
verse pathologic indicator to predict stage progression in both 
non-muscle-invasive and muscle-invasive bladder cancers [12,13]. 
Further, larger studies are needed to clarify the association between 
tumor budding and distant metastasis of bladder cancer. 

Distant metastasis of non-muscle-invasive urothelial carcinoma 
is extremely rare. In a review of over 1,000 patients with bladder 
cancer (irrespective of stage), Metthews et al. [35] described 
distant metastases in only nine superficial urothelial carcinomas, 
including three diagnosed as stage pTa. In the current study, we 
describe distant metastasis in three cases of non-muscle-invasive 
urothelial carcinoma, which were of the pT1 stage at the time 
of radical cystectomy. None of these cases showed lymph node 
metastasis or local recurrence during follow-up. All three of these 
cases were conventional urothelial carcinomas, and two cases 
exhibited concomitant carcinoma in situ. Two of the three cases 
presented with multifocal stromal invasion. Lymphovascular 
invasion was detected in one case, and high-grade tumor budding 
was identified in another case. These findings suggest that carci-
noma in situ, multifocal stromal invasion, lymphovascular inva-
sion, or high-grade tumor budding may be important histopath-
ologic factors that affect distant metastasis, even in early stage 
bladder cancer. 

There are several limitations in this study. First, the number 

of cases was small. Only 13 cases of metastatic urothelial carci-
noma were included. The small sample size made it difficult to 
conduct appropriate statistical tests, which allow for adequate 
statistical power. In addition, we could not assess the effect of 
the presence or absence of histologic variants and tumor bud-
ding on distant metastasis because the current study only included 
patients who developed distant metastasis. Second, our study 
yielded limited results on the impact of tumor budding on dis-
tant metastasis in urothelial carcinoma, because this study con-
sisted of a small number of metastatic urothelial carcinoma cases 
and did not investigate tumor budding in patients without dis-
tant metastasis. In contrast, few studies have evaluated the prog-
nostic value of tumor budding in urothelial carcinomas [12,13]. 
In addition, there are no well-defined criteria to evaluate tumor 
buddings in urothelial carcinomas. Therefore, we assessed tumor 
budding according to the International Tumor Budding Con-
sensus Conference criteria [24], which is a standardized scoring 
system for tumor budding in colorectal cancers. To the best of 
our knowledge, this is the first study to investigate the presence 
of tumor budding in metastatic urothelial carcinomas. Further 
studies with larger sample sizes are warranted to identify the im-
pact of tumor budding on the occurrence of distant metastasis. 

In conclusion, histologic variants are not uncommonly detected 
in distant metastatic urothelial carcinomas. Despite its rarity, the 
histologic variants present in primary tumors are mostly main-
tained in metastatic tumors. High-grade tumor budding, which 
is frequently found in primary tumors, seems to play a signifi-
cant role in the development of distant metastasis. Therefore, it 
may be useful to evaluate the presence of histologic variants and 
tumor budding in urothelial carcinomas of the urinary bladder to 
predict distant metastasis, even in non-muscle invasive urothe-
lial carcinomas.

Fig. 3. Histologic and immunohistochemical findings of case 3. (A) In the primary tumor, polygonal tumor cells are arranged in large nests 
and have highly pleomorphic nuclei and abundant clear to eosinophilic cytoplasm. (B) On immunohistochemistry, most tumor cells show 
strong positivity for α-fetoprotein (AFP), implicating tumor-derived AFP production. (C) Representative histologic features of hepatic metastat-
ic lesion.
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CDKN2A is a tumor suppressor gene located on chromosome 
9p21 that encodes the cell cycle inhibitor protein p16 [1]. Ge-
netic alterations of this gene are frequently observed in various 
types of human cancers [1-3]. With regard to brain tumors and 
prognosis, homozygous deletion of the CDKN2A gene has been 
reported to be associated with shortened survival in isocitrate 
dehydrogenase (IDH)–mutant glioma patients [4-8]. In the re-
cent expert meeting of cIMPACT-NOW (the Consortium to 
Inform Molecular and Practical Approaches to CNS Tumor 
Taxonomy-Not Official WHO), update 5, genetic testing for 
the detection of CDKN2A homozygous deletion has been rec-
ommended for grade IDH-mutant astrocytic tumors. Its impor-
tance is increasingly high in adult and pediatric glioma patients 
[4,6,9-11].

Molecular testing to identify the CDKN2A deletion requires 
advanced, high-cost equipment. However, the results of molec-
ular testing are difficult to interpret. Therefore, it is challenging 
to use molecular testing in routine diagnostic practice. Since the 
CDKN2A gene product is the p16 protein, immunohistochem-
ical detection of p16 protein expression can be used instead of 
molecular testing to identify the CDKN2A gene deletion. Before 
2010, in the pre-IDH-era, a few studies investigated the predic-
tive value of p16 immunoreactivity in glioma samples [12-17]. 
The studies mainly targeted heterogenous groups of gliomas that 
did not reflect the current molecular genetics integrated classi-
fication. The sample size was small, and the results were not con-
sistently conclusive. In addition, no large-scale comprehensive 
studies have been conducted on the prognostic significance of 
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p16 immunochemistry in gliomas, particularly in this IDH-era 
of brain tumor diagnoses.

Meanwhile, although p16 is a tumor suppressor, aberrant over-
expression of p16 protein has been observed in several tumors, 
including uterine cervical cancer, breast cancer, colorectal adeno-
carcinoma, and malignant melanoma [18-20]. In these tumors, 
p16 overexpression occurs by various mechanisms and has di-
verse prognostic implications depending on the tumor type [21]. 
Therefore, in addition to examining the prognostic relevance of 
p16 protein loss, it is also worth evaluating the prognostic impli-
cations of p16 overexpression in glioma patients.

This study aimed to determine whether p16 immunohisto-
chemical staining can be used as a prognostic marker to replace 
CDKN2A genotyping in molecularly characterized diffuse glio-
mas. We first examined the correlation and concordance between 
p16 immunochemistry and CDKN2A fluorescent in situ hybrid-
ization (FISH) results. In addition, considering that p16 is a neg-
ative regulator of cell proliferation, we evaluated whether the 
loss of p16 expression was related to an increase in the cell prolif-
eration marker Ki-67 labeling index. Finally, the survival analy-
ses were performed to evaluate the prognostic implications of 
p16 protein expression patterns in the whole sample, and in the 
subgroups according to IDH-mutation and 1p/19q codeletion 
status.

 
MATERIALS AND METHODS

Subjects and data acquisition

A total of 326 cases of diffuse glioma from Seoul National 
University Hospital (SNUH) between 2011 and 2015 with tis-
sue microarray (TMA) blocks were included in this study. The 
clinical information and test results that were previously con-
ducted to assist in diagnosis were obtained retrospectively from 
the electronic medical records of SNUH. The overall survival time 
was calculated from the date of surgery to the date of death. All 
diagnoses were reassessed to reflect genetic alterations, including 
IDH-mutation and 1p/19q codeletion status according to the 
cIMPACT-NOW update 5 and 6, and the 2016 World Health 
Organization (WHO) classification of central nervous system 
tumors. 

Evaluation of p16 immunohistochemistry

The immunohistochemical staining for p16 was conducted on 
the TMA sections using an antibody against p16 (mouse mono-
clonal, clone E6H4, Ventana, Tucson, AZ, USA) and the Ventana 
BenchMark XT automated immunohistochemical staining sys-

tem following the manufacturer’s protocol. The results of immu-
nohistochemical staining were first scored as the percentage of 
positively stained cells. Tumor cells with only nuclear or concur-
rent nuclear and cytoplasmic immunoreactivity were considered 
positive. The scoring was performed blindly without any knowl-
edge of the diagnostic or clinical information. If there were no 
positive cells, or if the percentage of positive cells was < 1%, then 
the tumor was classified as p16 negative (loss of expression). 
Conversely, tumors with more than 1% immunopositivity were 
considered to be p16 positive (retained expression). The p16 
immunopositive cases were further divided into focal expression 
(if the positive cells were < 50%) or diffuse overexpression (if the 
positive cells were > 50%) according to the degree of p16 expres-
sion. Notably, in the group with p16 overexpression, most of the 
tumor cells showed simultaneous intense nuclear and cytoplasmic 
staining (Fig. 1).

Other immunohistochemical and molecular testing 
variables

The previously used antibodies included IDH1 (1:100, mouse 
monoclonal, clone H09, Dianova, Hamburg, Germany), p53 
(1:1,000, mouse monoclonal, clone DO-7, DAKO, Glostrup, 
Denmark), PTEN (1:400, mouse monoclonal, clone 6H2.1, 
DAKO) and Ki-67 (1:100, mouse monoclonal, clone MIB-1, 
DAKO). Quantification of the Ki-67 labeling index was deter-
mined by the Nuclear v9 algorithm using the Aperio ImageS-
cope software (Aperio Technologies, Vista, CA, USA). p53 was 
considered to be overexpressed if ≥ 30% of the tumor nuclei 
showed robust immunopositivity [22]. For IDH1 and PTEN, 
the immunohistochemical results were evaluated as positive or 
negative. Positive IDH1 immunostaining indicated the pres-
ence of a mutation, while negative immunostaining of PTEN 
meant protein loss.

 Molecular tests that were previously performed for diagnosis 
included 1p/19q FISH to detect chromosome 1p and 19q code-
letion; IDH1/IDH2 direct sequencing (performed only when the 
IDH1 immunohistochemistry result was negative); CDKN2A 
(9p21) FISH to catch gene deletion; epidermal growth factor re-
ceptor (EGFR) (7p12) FISH to detect gene amplification; PTEN 
(10q23) FISH to detect gene deletion; and O6-methylguanine-
DNA methyltransferase (MGMT) methylation-specific poly-
merase chain reaction analysis. The probes used to perform 
FISH were as follows: Vysis LSI 1p36 SpectrumOrange/1q25 
SpectrumGreen Probes and Vysis LSI 19q13 SpectrumOrange/ 
19p13 SpectrumGreen Probes (Abbott Molecular, Vysis, Des 
Plaines, IL, USA); Vysis LSI CDKN2A SpectrumOrange/CEP 
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9 SpectrumGreen Probes (Abbott Molecular); Vysis LSI EGFR 
SpectrumOrange/CEP 7 SpectrumGreen Probes (Abbott Molec-
ular); Vysis LSI PTEN/CEP 10 Dual Color Probe (Abbott Mo-
lecular). Each molecular test was performed and interpreted as 
previously described [23,24]. Homozygous deletion of the CD-
KN2A gene was determined when > 15% of tumor cells lost two 
test signals in the presence of at least one reference signal in 100 
non-overlapping counted nuclei [25]. PTEN is a representative 
quasi-sufficient and obligate haploinsufficient tumor suppressor 
gene [26]. A PTEN hemizygous deletion was considered if > 50% 
of tumor cells showed more than one test signal loss or if > 10% 
of tumor cells showed two test signal losses in 100 non-overlap-
ping nuclei with two reference signals [27]. A PTEN homozygous 
deletion was defined by the loss of both PTEN signals in more 
than 30% of tumor cells when counting more than 100 non-over-
lapping nuclei with at least one reference signal [27]. With regard 

to the PTEN evaluation, most cases were evaluated by only one 
of the PTEN FISH or PTEN immunohistochemistry. The final 
results related to PTEN loss were used in combination with the 
two tests.

Statistical analyses

The chi-square test was used to examine the association be-
tween categorical variables. Cohen’s kappa coefficient (κ) was cal-
culated to determine whether there was a concordance between 
p16 immunochemistry and CDKN2A FISH. The Mann-Whitney 
U-test was used to test the relationship between p16 immuno-
reactivity and the Ki-67 labeling index. Kaplan-Meier survival 
curves were generated to estimate the overall survival distribu-
tions. The log-rank test was used for univariate survival compar-
isons. The Cox proportional hazards regression model was applied 
for the multivariate analyses using forward stepwise variable se-

A B

C D

Fig. 1. Representative images of p16 immunohistochemical staining. If immunopositive cells were absent or made up < 1% of cells, the tu-
mor was classified as having a loss of expression (A). Conversely, tumors with > 1% of immunopositivity were considered to have retained 
expression, which was further subdivided into focal expression (B, C) or overexpression (D) according to the degree of p16 expression on a 
50% basis. B and C show the range of focal expression.
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lection. Variables with prognostic significance in univariate anal-
yses were selected as independent variables in the multivariate 
analysis model. Statistical significance was defined as a p-value 
of < .05. All statistical analyses were performed using IBM SPSS 
Statistics software ver. 26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Characteristics of the study population

The median age of the study population was 54 years (range, 
16 to 82 years), and 185 patients (56.7%) were men. Sixty-five 
cases (19.9%) were of recurrent tumors. Most patients were treated 
with surgery, followed by adjuvant radiotherapy and/or chemo-
therapy. Detailed clinical information is shown in Table 1. For the 
survival data, the median follow-up time was 23 months (range, 
0 to 103 months). During this follow-up period, 220 patients 
(67.5%) died, while 106 patients (32.5%) were still alive at the 
last contact. The diagnoses according to cIMPACT-NOW up-
date 5 and 6 and 2016 WHO classification were as follows: as-
trocytoma, IDH-mutant, WHO grade 2 (n = 8, 2.5%); anaplas-
tic astrocytoma, IDH-mutant, WHO grade 3 (n = 27, 8.3%); 
astrocytoma, IDH-mutant, WHO grade 4 (n = 38, 11.7%); oli-
godendroglioma, IDH-mutant and 1p/19q-codeleted (ODG), 
WHO grade 2 (n  = 12, 3.7%); ODG, WHO grade 3 (n = 18, 
5.5%); diffuse astrocytoma, IDH-wildtype (n = 3, 0.9%); ana-
plastic astrocytoma, IDH-wildtype (n = 25, 7.7%); and glioblas-
toma, IDH-wildtype (n = 195, 59.8%). Overall, there were 103 
IDH-mutant tumors and 223 IDH-wildtype tumors. p16 loss 
was more prevalent in the IDH-wildtype tumors than it was in 
the IDH-mutant tumors (IDH-wildtype, 120 out of 223 cases 
[53.8%] vs. IDH-mutant, 23 out of 103 cases [22.3%]; p < .001). 
Among the IDH-mutant tumors, the frequency of p16 loss was 
similar between the IDH-mutant astrocytomas (23.3%, 17 out 
of 73 cases) and ODG (20%, 6 out of 30 cases) (p = .716). The 
age of the patients was significantly higher in the p16 loss group 
than it was in the p16 expression group (p16 loss group, median 
56 [range, 16 to 82] vs. p16 expression group, median 50 [range, 
17 to 77]; p < 0.001). There was no significant association be-
tween p16 expression status and other clinical variables such as 
sex, the extent of surgery (biopsy or resection), recurrence, or 
adjuvant treatment. The immunohistochemical and FISH re-
sults of the study population are presented in Table 2.

Comparison of p16 immunochemistry and CDKN2A FISH 
results

The association between the CDKN2A homozygous deletion 

and the loss of p16 expression was significant (p < .001) (Table 
3). Sixty-eight percent (88/129) of tumors with CDKN2A homo-
zygous deletions by FISH demonstrated a loss of p16 expression 
by immunohistochemistry, while 72% (142/197) of tumors with-
out the CDKN2A homozygous deletion showed p16 immu-
nopositivity. Therefore, the diagnostic accuracy of p16 immuno-
chemistry to detect a CDKN2A homozygous deletion confirmed 
by FISH was 70.6% (250/326). There was fair agreement be-
tween the CDKN2A FISH and p16 immunohistochemistry re-
sults (Cohen’s kappa = 0.396, p < .001).

Correlation between p16 immunohistochemistry and Ki-67 
labeling index

There was a significant inverse correlation between p16 expres-
sion and the Ki-67 labeling index (p < .001). That is, tumors with 

Table 1. Clinicopathologic information 

Characteristic No. (%) (n = 326)

Age (yr) 54 (16–82)
Sex
   Male 185 (56.7)
   Female 141 (43.3)
IDH status
   IDH-mutant 103 (31.6)
   IDH-wildtype 223 (68.4)
Astrocytoma, IDH-mutanta 73 (22.4)
   Astrocytoma, IDH-mutant, WHO grade 2 8 (2.5)
   Astrocytoma, IDH-mutant, WHO grade 3 27 (8.3)
   Astrocytoma, IDH-mutant, WHO grade 4 38 (11.7)
ODGa 30 (9.2)
   ODG, WHO grade 2 12 (3.7)
   ODG, WHO grade 3 18 (5.5)
Glioma, IDH-wildtypea 223 (68.4)
   Diffuse astrocytoma, IDH-wildtype 3 (0.9)
   Anaplastic astrocytoma, IDH-wildtype 25 (7.7)
   Glioblastoma, IDH-wildtype 195 (59.8)
Survival outcome
   Death 220 (67.5)
   Censored 106 (32.5)
Survival time (mo), median (range) 23 (0-103)
Extent of surgery
   Biopsy 22 (6.7)
   Resection 304 (93.3)
Tumor recurrence
   Primary tumor 261 (80.1)
   Recurred tumor 65 (19.9)
Adjuvant treatment (n = 323)
   Yes 300 (92.9)
   No 23 (7.1)

IDG, isocitrate dehydrogenase; WHO, World Health Organization; ODG, oli-
godendroglioma, IDH-mutant and 1p/19q-codeleted.
aDiagnoses were made by cIMPACT-Now update 5 and 6, and 2016 World 
Health Organization classification.
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p16 loss had a significantly higher Ki-67 labeling index (mean, 
27.60%; median, 22.50%; range, 1.11 to 90.16) than did those 
with p16 expression (mean, 19.98%; median, 12.90%; range, 
0.40 to 74.46). In addition, when the p16 retained expression 
(no loss) group was divided into two additional groups of over-
expression and focal expression, the p16 overexpression group 
(mean, 27.73%; median, 24.70%; range, 2.34 to 72.70) showed 
a significantly higher Ki-67 labeling index than did the p16 fo-
cal expression group (mean, 16.30%, median, 8.55%; range, 

0.40 to 74.46; p < .001). There was also a significant difference 
in the Ki-67 labeling index between the p16 focal expression 
group and the p16 loss of expression group (mean, 27.60%; 
median, 22.50%; range, 1.11 to 90.16; p < .001). However, 
there was no significant difference between p16 loss of expression 
and the p16 overexpression groups (p = .940) (Fig. 2). 

 
Survival analysis

In a total of 326 whole glioma samples, a loss of p16 expres-
sion was significantly associated with short overall survival in 
univariate analysis using Kaplan-Meier curves and the log-rank 
test (p < .001) (Fig. 3A). When stratified by IDH status, tumors 
with p16 loss demonstrated a significantly worse outcome in 
IDH-mutant glioma patients (p = .010) (Fig. 3B) than did those 
without p16 loss. However, no such association was found in 
the IDH-wildtype gliomas (p = .121) (Fig. 3C). Other parameters 
whose prognostic significance was confirmed by the log-rank test 
included recurrent tumors (p < .001), EGFR amplification (p = 

.004) and p53 overexpression (p = .002) in IDH-mutant glioma 
patients. In contrast, the extent of surgery (p = .043), adjuvant 
treatment (p = .005) and MGMT promoter methylation (p = 

.024) were included in the IDH-wildtype gliomas. Sex and PTEN 
loss had no significant prognostic association with either group. 

Table 2. Immunohistochemical and FISH results of the included 
cases

Parameter No. (%)

p16 IHC
   Loss 143 (43.9)
   No loss (retained) 183 (56.1)
      Focal expression 124 (38.0)
      Overexpression 59 (18.1)
CDKN2A FISH
   Homozygous deletion 129 (39.6)
   No deletion 197 (60.4)
EGFR amplification
   Positive 63 (19.3)
   Negative 263 (80.7)
PTEN alteration (n = 324)
   Loss 41 (12.6)
   No loss 283 (86.8)
p53 overexpression
   Positive 143 (43.9)
   Negative 183 (56.1)
MGMTp methylation (n = 324)
   Positive 182 (55.8)
   Negative 142 (43.6)
Ki-67 labeling index, median (range, %) 19.41 (0.4–90.16)

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; EGFR, 
epidermal growth factor receptor; MGMTp, O6-methylguanine-DNA meth-
yltransferase promoter.
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Table 3. Comparison between CDKN2A FISH and p16 immuno-
histochemistry 

p16 IHC
CDKN2A FISH

Total p-valuea

Deletion No deletion 

Loss 88 (68.2) 55 (27.9) 143 < .001
No loss 41 (31.8) 142 (72.1) 183
Total 129 (100) 197 (100) 326

Values are presented as number (%).
FISH, fluorescence in situ hybridization; IHC, immunohistochemistry. 
ap-value was determined using chi-square test.
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IDH-mutant gliomas (n = 103)

Fig. 3. Kaplan-Meier curves for overall survival according to p16 expression status: (A) whole gliomas, (B) IDH-mutant gliomas including oli-
godendrogliomas, (C) IDH-wildtype astrocytomas, and (D) IDH-mutant astrocytomas. IDH, isocitrate dehydrogenase; IHC, immunohisto-
chemistry.

Multivariate Cox proportional hazards regression analysis was 
performed on the IDH-mutant gliomas using variables selected 
in univariate analyses as covariates. Although CDKN2A FISH 
and Ki-67 were significantly prognostic for IDH-mutant gliomas 
in univariate analysis (p = .001, the log-rank test for CDKN2A 
FISH; p < .001, and univariate Cox regression analysis for Ki-67), 
they were not included in the final multivariate model because 
they were collinear with p16 immunohistochemistry. After ad-

justing for recurrence, EGFR amplification and p53 overexpres-
sion, p16 loss was still a significant prognostic factor for worse 
outcome (p = .008; hazards ratio [HR], 2.637; 95% confidence 
interval [CI], 1.295 to 5.372) (Table 4). Next, when the IDH-
mutant group was subdivided according to 1p/19q codeletion 
status, loss of p16 expression was associated with significantly 
shorter overall survival in astrocytoma, IDH-mutant patients 
by the log-rank test (p = .008) (Fig. 3D), but not in ODG patients 

Table 4. Multivariate Cox regression analysis

Variable
IDH-mutant gliomas (n = 103) IDH-mutant astrocytomas (n = 73)

HR 95% CI p-value HR 95% CI p-value

p16 loss (IHC) 2.637 1.295–5.372 .008 3.586 1.649–7.801 .001
Recurred tumor 3.404 1.721–6.732 < .001 4.398 2.111–9.165 < .001
p53 overexpression 2.725 1.371–5.417 .004 NA NA .479

IDH, isocitrate dehydrogenase; IHC, immunohistochemistry; HR, hazards ratio; CI, confidence interval; NA, not applicable.
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(p = .457). This association with the IDH-mutant astrocytomas 
was also significant in a multivariate analysis adjusted for recur-
rence, EGFR amplification, and p53 overexpression (p = .001; 
HR, 3.586; 95% CI, 1.649 to 7.801) (Table 4).

We also divided the p16 retained expression (no loss) tumors 
into two additional categories (focal expression vs. overexpression) 
according to the degree of p16 expression to check whether p16 
overexpression has a prognostic meaning. Interestingly, among 
the 326 whole glioma cases, the p16 overexpression group showed 
a significantly worse overall survival curve than did the p16 focal 
expression group in Kaplan-Meier analysis (p < .001) (Fig. 4A). 
When limited to the IDH-mutant tumors (including astrocyto-
mas and ODG), the p16 overexpression group had worse over-
all survival than did the p16 focal expression group (p = .046) 
(Fig. 4B). This association was not seen in the IDH-wildtype 

glioma patients (Fig. 4C). In multivariate analysis (adjusted for 
recurrence, p53 overexpression, and EGFR amplification), p16 
overexpression was still associated with shorter overall survival 
than p16 focal expression, but this was not statistically significant 
(p = .171; HR, 2.048; 95% CI, 0.734 to 5.711). In the sub-
group of IDH-mutant astrocytoma patients, p16 overexpression 
also appeared to be related to shorter overall survival compared 
to p16 focal expression; however, the difference did not reach 
statistical significance in Kaplan-Meier analysis (p = .251) (Fig. 
4D). Meanwhile, in the ODG, the analysis was not possible be-
cause none of the 30 cases showed p16 overexpression. 

DISCUSSION

This study demonstrates the prognostic value of p16 immu-

IDH-mutant gliomas (n = 103)

Fig. 4. Kaplan-Meier curves for overall survival according to the degree of p16 expression: (A) whole gliomas, (B) IDH-mutant gliomas includ-
ing oligodendrogliomas, (C) IDH-wildtype astrocytomas, and (D) IDH-mutant astrocytomas. IHC, immunohistochemistry; IDH, isocitrate de-
hydrogenase.
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nohistochemical staining in a large sample of molecularly charac-
terized diffuse gliomas. Negative immunohistochemical staining 
of the p16 protein predicted worse overall survival in all glioma 
patients and in the IDH-mutant subgroup, especially in IDH-
mutant astrocytomas, after adjusting for other prognostic factors 
such as tumor recurrence, p53 overexpression, and EGFR ampli-
fication. Our results were expected in light of existing knowledge 
that the p16 protein is encoded by the CDKN2A gene [1] and 
that CDKN2A homozygous deletion is a significant prognostic 
factor in IDH-mutant glioma patients [9,28]. In addition, when 
the p16 retained expression tumors were divided into two addi-
tional categories of overexpression and focal expression, the tu-
mors with p16 overexpression also demonstrated worse outcomes 
compared to tumors with p16 focal expression in the whole gli-
omas and IDH-mutant gliomas including IDH-mutant astrocy-
tomas and ODG. Considering that immunohistochemistry is a 
relatively simple and convenient test to be used in routine prac-
tice, assessing p16 protein expression patterns with immuno-
histochemical methods would be a useful way to predict glioma 
prognosis in the field. 

Previously, several studies have examined the association be-
tween p16 immunohistochemistry and molecular tests such as 
PCR or FISH to detect CDKN2A deletions in glioma samples 
[5,13,29-31]. Some of them reported that the association was 
good, while others did not agree. Reis et al [5]. reported that p16 
expression by immunohistochemistry correlated poorly with 
CDKN2A deletion by FISH, and suggested that FISH be used 
to evaluate CDKN2A status. This study differed from ours be-
cause the p16 immunohistochemistry data were used as contin-
uous variables. In addition, this group counted the total number 
of signals regardless of whether the deletion pattern was hemi-
zygous or homozygous when assessing the CDKN2A deletion 
by FISH. The problem with using the p16 expression data as a 
continuous variable is that it may not reflect the effect of p16 
acting nonlinearly, as shown in our current study. In this study, 
Ki-67 was high in both the p16 loss and p16 overexpression 
subgroups, which was also associated with poor survival in each 
subgroup. The prior study appears to be the only study that has 
examined the relationship between p16 immunohistochemistry 
and survival in glioma patients molecularly diagnosed with both 
IDH and 1p/19q information to date. This group also found that 
there was a weak but significant association between p16 immu-
nonegativity and poor overall survival in 83 astrocytoma patients.

In our study, although there was a correlation between CDK-
N2A FISH and p16 immunohistochemistry, the degree of agree-
ment between the two tests was fair, or at most moderate. There-

fore, our results did not show a sufficient value to suggest that 
substitution between the two tests is reasonable. Fifty-five out of 
197 (27.9%) tumors without CDKN2A homozygous deletion 
(determined by FISH) demonstrated a loss of p16 expression. In 
contrast, 41 out of 129 (31.8%) tumors with CDKN2A homo-
zygous deletion (by FISH) demonstrated p16 immunopositivity 
in the present study. Such discrepancy may come from the fact 
that the expression of the p16 protein is controlled not only by 
cytogenetic alterations, but also by other mechanisms such as 
point mutations or epigenetic regulations such as EZH2 medi-
ated transcriptional repression [31]. Furthermore, immuno-pos-
itive cases with CDKN2A deletion by FISH may be due to a 
problem on the immunohistochemistry side, such as a hidden 
mixture of normal tissue. Alternatively, this result may also be 
due to a problem on the FISH side, such as a false-positive FISH 
result caused by partial hybridization failure, truncation artifacts, 
or a suboptimal cutoff value [32]. Similar false-positive FISH 
results were previously reported in another study on mesotheli-
omas [33], which were attributed to suboptimal hybridization 
of the FISH probes. False-positive FISH results may also be at-
tributable to the heterogeneity of p16 immunostaining and CD-
KN2A deletions in the same tumor, as previously demonstrated 
in gliomas [34]. Given that FISH is relatively expensive, difficult 
to perform correctly, and requires a skilled technician, one must 
reconsider whether FISH is reliable and the gold standard of di-
agnosis. It is also noteworthy that p16 immunochemistry may 
function better as a prognostic marker than as a diagnostic one, 
because it reflects cases in which protein expression of the CD-
KN2A gene is suppressed by mechanisms other than deletion, 
such as epigenetic silencing or point mutations. In IDH-mutant 
gliomas, DNA methylation occurs frequently due to the so-called 
glioma CpG island methylator phenotype (G-CIMP) [35]. De-
tecting the absence of expressed proteins by immunohistochem-
istry may reflect a more ultimate situation than detecting the de-
letion of a gene by molecular testing.

In addition to p16 loss, we also examined whether the over-
expression of p16 protein has any prognostic implications. Con-
trary to a cell cycle inhibitor’s original function, p16 overex-
pressing tumors were found to have a high proliferation index 
as measured by Ki-67, and to have poor prognosis, especially in 
IDH mutated tumors. p16 is a component of the cell cycle reg-
ulation pathway that converges into the tumor suppressor pro-
tein Rb. Disruption of Rb results in p16 overexpression in cancer 
tissue due to positive feedback [21]. Nakamura et al. [36] found 
that loss of expression of the RB1 gene was common in secondary 
glioblastoma. Therefore, the p16 overexpressing tumors observed 
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in our study may be tumors that have excessively increased their 
p16 level to compensate for the loss of Rb. Therefore, p16 over-
expression seems to be a desperate effort to stop uncontrolled 
proliferation due to failure of the Rb pathway. Our finding that 
a high Ki-67 labeling index was observed in the p16 overexpres-
sion group is considered to be in good agreement with this sit-
uation. Therefore, for p16 overexpressing tumors, we must de-
termine whether there is another genetic abnormality in the Rb 
pathway components that include RB1 deletion or CDK4/6 am-
plification, and whether this is associated with prognosis. 

In the previous literature, there were inconsistent findings on 
whether a CDKN2A homozygous deletion was associated with 
poor survival in IDH-mutant and 1p/19q-codeleted ODGs [4,8, 
28]. Similarly, our study did not show any prognostic significance 
of p16 protein loss in ODG. However, our results must be inter-
preted with caution given the small sample of ODG cases and a 
relatively short follow-up period for lower-grade gliomas. There-
fore, further research is likely needed. It was also significant that 
p16 overexpression was not observed in all of our study’s 30 ODGs. 
More samples are needed to confirm that the ODGs do not have 
p16 overexpression. 

A limitation of this study is that it was retrospective in nature. 
Therefore, the data collection was inevitably limited, and other 
factors that may be related to prognosis were not all included or 
excluded. Most importantly, the FISH data should be reevalu-
ated. We were not able to review these data because the preserved 
FISH pictures were limited. In addition, we cannot rule out the 
possibility that the immunohistochemical readings were overes-
timated or underestimated if the tumor had heterogeneous p16 
expression, because the analysis was performed using TMA slides. 
Meanwhile, p16 overexpression was a statistically significant prog-
nostic factor, which was confirmed in univariate analysis of IDH-
mutant gliomas including astrocytomas and ODG. This signif-
icance was concealed after multivariate analysis or after being 
divided into subgroups, which may be due to insufficient sample 
sizes and short follow-up. Therefore, larger studies are necessary.

In summary, this study demonstrated that the pattern of p16 
expression was significantly correlated with the prognosis in IDH-
mutant glioma patients. p16 immunohistochemistry was correlat-
ed with CDKN2A FISH. The loss of p16 expression was strongly 
associated with shortened overall survival. In addition, the over-
expression of p16 was also related to a worse outcome. We sug-
gest that detecting p16 protein expression by immunohistochem-
istry could be used as a useful surrogate test or an initial screening 
assay to predict patient prognosis while replacing CDKN2A ge-
netic testing. Nevertheless, further studies in other cohorts may 

be required to confirm these results.
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Langerhans cell histiocytosis (LCH) is a rare disease defined 
by proliferation of Langerhans cells with highly heterogeneous 
presentations and clinical courses [1,2]. The condition can occur 
at any age but is more common in children. LCH can involve one 
organ, so-called single system, or more than one organ, termed 
multisystem or multiple systems (MS-LCH). LCH has been re-
ferred to by various names, including localized eosinophilic gran-
uloma of the bone, Letterer-Siwe disease, Hand-Schuller-Chris-
tian disease, and histiocytosis X [3,4]. Children under 2 years old 
with MS-LCH commonly exhibit risk organ involvement, such 
as the liver, spleen, and hematopoietic system. Although typical 
morphology can identify the pathologic Langerhans cells, con-
firming their nature requires positive staining for CD1a and 
CD207 or identifying Birbeck particles under electron micros-
copy [5,6]. 

The clinical prognosis of LCH can be extremely variable. The 
patients with multiple systems, risk organ involvement likely 
have a more unsatisfactory outcome and are at risk for reactiva-

tions [7]. Fortunately, recent molecular findings promise a tar-
geted therapy for high-risk pediatric patients with risk organ in-
volvement, for those who fail standard treatment and those with 
relapses [4].

BRAF is an oncogene that has a critical role in the Ras-ERK 
signaling cascade, a primary regulator of cell growth, prolifera-
tion, differentiation, and apoptosis. Therefore, BRAF mutations 
contribute to many human cancers’ pathogenesis, most common-
ly melanoma, thyroid papillary carcinoma, and colorectal carci-
noma [8,9]. The primary mutation point is the valine codon in 
position 600 located in exon 15 (V600E mutation), which re-
places nucleotide at 1799 T → A in the BRAF gene, resulting 
in the replacement of valine amino acid by glutamate [8-10]. 

The BRAF V600E mutation is also the potential target for 
treatment with Vemurafenib—an inhibitor used in many malig-
nancies, most notably melanoma, and recently reported in LCH 
[9,11]. Thus, BRAF V600E may be a potential marker for tar-
geted therapy in aggressive LCH. Several studies have shown 
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that the presence of BRAF V600E mutation is associated with 
a higher risk of recurrence and organ involvement in pediatric 
LCH [12-14]. This study analyzed the BRAF V600E mutation 
by sequencing tumor DNA and the relationship between the 
genetic alteration and clinicopathological characteristics of LCH 
children.

MATERIALS AND METHODS

Patients and sample collection

The study consisted of 94 cases diagnosed with LCH at the 
Department of Pathology, Children’s Hospital 1, Ho Chi Minh 
City, Vietnam, from 2012 to 2018. Formalin-fixed paraffin-em-
bedded (FFPE) tissue with well-defined histology of LCH on he-
matoxylin and eosin (H&E) stained sections and positive CD1a 
staining (using monoclonal antibody CD1a, clone 010, Dako, 
Glostrup, Denmark) were collected. We analyzed the intensity 
of CD1a expression as low expression (moderate membrane and 
cytoplasmic staining) and high expression (strong membrane and 
cytoplasmic staining). 

All paraffin blocks were well preserved and available for DNA 
sequencing. All slides were re-examined to confirm the diagnosis 
and to select the paraffin blocks for molecular testing. Clinical 
information, age, sex, location, histopathology, and risk organ 
were obtained. 

Analysis of BRAF V600E mutation

Tumor cells were selected based on H&E slides and were tar-
geted for DNA extraction by macrodissection scraping. DNA 
was isolated from a 5-μm-thick tumor using the ReliaPrep FFPE 
gDNA Miniprep System kit (Promega, Madison, WI, USA) 
according to the manufacturer’s protocol. Amplification of the 
BRAF exon 15 was performed using TaKaRa Taq HotStart 
Polymerase (Takara Bio, Shiga, Japan) with primers BRAF-
600F (5'-ACTCTTCATAATGCTTGCTC-3') and BRAF-600R 
(5'-CCACAAAATGGATCCAGACA-3'). Polymerase chain re-
action (PCR) included initial denaturation at 98°C for 3 min-
utes followed by 45 cycles of 98°C for 10 seconds, 60°C for 30 
seconds, and 72°C for 40 seconds, with a final elongation of 72°C 
for 2 minutes. PCR product was purified enzymatically using 
the ExoSAP IT PCR Product Cleanup Reagent (Thermo Scien-
tific, Waltham, MA, USA) to remove excess primers and dNTPs 
before Sanger sequencing using the BigDye Terminator v3.1 
Kit and the ABI 3500 Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA). PCR fragment was sequenced and ana-
lyzed in both directions. The sequence was finally compared to 

the reference sequence of the BRAF gene (GenBank accession 
number: NG_007873).

Statistical analyses

The correlation between BRAF V600E mutation and age, sex, 
tumor location, and organ involvement was analyzed by the chi-
square test. p < .05 was considered a significant difference. Statis-
tical analyses were performed using SPSS ver. 16.0 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

Characteristics of pediatric LCH

In 94 cases of LCH, the median age was 3.02 years (range, 0 
to 12 years; minimum, 10 days old). LCH was most frequently 
found in the age group of under 3 (60.6%), in which 1-year-old 
patients were predominant (56.1%, 32/ 57 cases). LCH was more 
common in males than in females, with a male: female ratio of 
1.4. Soft tissues were the most common biopsy location (n = 39, 
41.5%), followed by the skin (n = 30, 31.9%), bones (n = 18, 
19.1%), lymph nodes (n = 6, 6.4%) and lung (n = 1, 1.1%). The 
clinicopathologic features are summarized in Table 1. Forty-
eight patients (51.1%) had single system involved, while 46 pa-
tients (48.9%) had multiple systems involved. Risk organ in-
volvement was observed in 35 patients (37.2%). The Langerhans 
cells were pathologically characterized by abundant pale cyto-

Table 1. The clinical characteristics and BRAF V600E status of 
Vietnamese pediatric Langerhans cell histiocytosis

Clinical parameter Total
BRAF V600E

mutated

No. 94 45 (47.9)
Age (yr)

Under 3 yr

3.0 ± 2.9
(0–12 yr; minimum, 10 days)

57 (60.6) 27 (46.6)
Sex
   Male
   Female

55 (58.5)
39 (41.5)

25 (55.6)
20 (44.4)

Location
   Skin
   Lymph node
   Soft tissues
   Bone
   Lung

30 (31.9)
6 (6.4)

39 (41.5)
18 (19.1)
1 (1.1)

13 (28.9)
2 (4.4)

23 (51.1)
7 (15.5)
0 

System involvement
   Single system
   Multiple system

48 (51.1)
46 (48.9)

15 (31.3)
30 (65.2)

Risk organ involvement 35 (37.2) 18 (51.4)
CD1a expression
   Low
   High

31 (33.0)
63 (67.0)

12 (38.7)
33 (52.4)

Values are presented as number (%).
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plasm and folded nuclei (Fig. 1) that expressed CD1a. The in-
tensity of CD1a staining was also divided into low and high ex-
pression (33% vs. 67%).

BRAF mutation analysis

Sequencing analyses for all 94 patients successfully defined 
BRAF V600E status. BRAF V600E mutation exon 15 was found 
in 45 cases (47.9%) (Fig. 2). In Table 2, we demonstrate the re-
lation between BRAF V600E mutation and clinical parameters. 
Multiple system LCH showed a significantly higher BRAF V600E 
mutation rate than the single system LCH (p = .001). There was 
no significant difference between BRAF status and other clini-
cal characteristics such as age, sex, location, risk organs involve-
ment, and CD1a expression. 

DISCUSSION

BRAF mutations play the leading role in the oncogenesis of 
human cancers because of their involvement in the Ras-ERK 
signaling cascade, which regulates cellular motility, proliferation, 
and survival. Recent studies have found somatic mutations that 
trigger mitogen-activated protein kinase signaling in most LCH 
patients [13,15-19]. In particular, the BRAF V600E mutation 
is found in more than 50% of LCH lesions in children, while 
other modifications of the codon V600 such as V600K, V600D, 
or V600R are not present in this disease [20]. The BRAF muta-
tion presentation appears to be complicated; however, the most 
common point mutation is V600E (the valine codon in position 
600, located in exon 15). Most BRAF mutations are detected in 

Fig. 1. Langerhans cell histiocytosis on hematoxylin and eosin staining: (A) skin lesion, (B) soft tissue of the head and neck, (C) bone lesion, 
and (D) lymph node lesion.

A B

C D
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exons 11 and 15 by DNA-based sequencing assays [8]. In par-
ticular, more than 80% of all BRAF mutations are in exon 15, 
which results in changing valine for glutamic acid at codon 600 
(V600E) [10]. Exon 11 mutations seem to be rare in LCH. 
Alayed et al. [21] detected BRAF mutations in LCH by pyrose-
quencing assays and found exon 15 BRAF V600E mutation 
and no exon 11 mutations in all cases. 

This study found 47.9% of cases with BRAF mutations de-
tected in exon 15 (BRAF V600E). Our data showed that the 
BRAF V600E mutation in Vietnamese pediatric LCH was rela-
tively high but unrelated to sex, age, and risk organ involvement. 
In previous studies on Caucasian children, BRAF mutation fre-
quency varied from 33% to 69% [12,13,16,19,22]. The study 
of Heritier et al. [12] on 315 pediatric LCH patients determined 

173 cases (54.6%) with BRAF V600E mutation. They also 
showed a significant relationship between BRAF V600E muta-
tion with age under 3 years old and multisystem disease, most-
ly when there was a risk of organ involvement. Badalian-Very et 
al. [23] also reported that the incidence of BRAF V600E muta-
tion was 57% in 61 LCH patients, predominantly in patients 
with bone involvement. The mutation rate was also reportedly 
higher in young patients, especially children under age 15. Ozer 
et al. [24] showed that 70% of pediatric LCH patients younger 
than 2 years of age significantly harbored BRAF V600E muta-
tion. However, the ratio of BRAF V600E status in pediatric LCH 
reported in some Asian populations was lower. Sasaki et al. [25] 
demonstrated 21% BRAF V600E mutations in Japanese patients 
(4/19 cases); Go et al. [26] showed 25% (7/28 cases) in South 
Korean patients. These studies showed a different BRAF V600E 
status across the various population, which raised a possible ques-
tion of racial involvement on genetic profile.

Moreover, the BRAF V600E mutation status showed variable 
distribution in some specific organs. Liu et al. [27] showed that 
50% of bone lesions in the head and neck (18/36 cases) were 
identified with BRAF V600E mutation. Other studies found 
the transformation in over 70% of skin cases [12,24], especially 
in multifocal skin involvement and multisystem disease. In the 
present study, the BRAF V600E mutation was detected mostly 
in LCH of the soft tissues (51.1%), followed by skin (28.9%), 
bone (15.5%), and lymph nodes (4.4%). In our study, 13/30 
(43.3%) skin cases harbored BRAF V600E mutation, lower 
than Ozer et al. [24] (77.8%) and Heritier et al. [12] (77.0%). 
False-negative results may occur in small-sized tumors such as 
skin lesions due to an insufficient amount of tumor cells. In this 
study, 7/18 (38.9%) cases of LCH bone lesions harbored BRAF 
mutation; therefore, the current decalcifying solution possibly 
did little harm to DNA quality. Furthermore, no significant re-
lation between BRAF V600E status and LCH location was ob-
served in this study and others [12,24]. 

In 94 patients of this study, BRAF V600E mutation was sig-
nificantly associated with multisystem involvement (p = 0.001). 
Similarly, Heritier et al. [12] showed that BRAF V600E muta-
tion correlated with high-risk LCH, including multiple systems 
and risk organ involvement, resulting in permanent, irreversible 
damage. Adding to these points, Heritier et al. [12] showed that 
patients with BRAF V600E more commonly displayed resis-
tance to combined vinblastine corticosteroid therapy, higher re-
activation rate, long-term consequences from disease or treatment. 
Ozer et al. [24] also found a statistical relationship between BRAF 
mutation and risk organ lesions. However, in this study, risk or-

Table 2. The correlation of BRAF V600E status and clinical param-
eters of Vietnamese LCH patients (n = 94)

Clinical parameter
BRAF V600E 

mutated
BRAF V600E 

Wild type
p-value

Age (yr)
   < 3 
   ≥ 3 

27
18

30
19

.903

Sex
   Male
   Female

25
20

30
19

.577

Skin lesions
   Present
   Absent

13
32

17
32

.546

Soft tissue
   Present
   Absent

23
22

16
33

.070

Bone lesions
   Present
   Absent

7
38

11
38

.396

System involvement
   Single system
   Multiple systems

15
30

33
16

.001

Risk organ involvement 18 17 .595
CD1a expression
   Low
   High

12
33

19
30

.212

LCH, Langerhans histiocytosis; NS, nonsignificant.

Wild type CTA
597
Leu

CTA
597
Leu

GCT
598
Ala

GCT
598
Ala

ACA
599
Thr

ACA
599
Thr

GTG
600
Val

GAG
600
Glu

AAA
601
Lys

AAA
601
Lys

TCT
602
Ser

TCT
602
Ser

CGA
603
Arg

CGA
603
Arg

Mutation

Fig. 2. The BRAF V600E status in pediatric Langerhans cell histio-
cytosis.
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gan lesions showed no significant relation to BRAF status. The 
prevalence of LCH BRAF mutation and its association with in-
creased risk condition such as multiple systems or risk organs in-
volvement possibly suggests a targeted treatment using BRAF 
inhibitors for those that harbor the mutation.

In conclusion, the BRAF V600E status was detected with high 
frequency in Vietnamese pediatric LCH and may become a use-
ful prognostic marker due to its association with multiple system 
LCH. The identification of aggressive LCH based on genetic alter-
ations is required for disease management and BRAF inhibitors.
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Patients with germline mutations in the CDH1 gene are at 
high risk for gastric poorly cohesive (signet ring cell) carcinoma, 
also referred to as hereditary diffuse gastric cancer. To minimize 
the risk, current guidelines recommend that patients undergo 
prophylactic gastrectomy prior to developing symptomatic cancer 
[1]. In many of the prophylactic gastrectomy specimens from 
these patients, there is no grossly visible lesion. Consequently, 
many pathology labs have a protocol of submitting the entire 
stomach for microscopic examination to determine whether the 
patient had any evidence of cancer at the time of gastrectomy. 
This requires the assessment of hundreds of hematoxylin and 
eosin (H&E) slides for each case, which represents a significant 
cost to the healthcare system in terms of pathologist time. Fur-
thermore, patients often wait an extended period of time to receive 

a final diagnosis because of the time required for this analysis. 
Increased efficiency in the analysis of these specimens would 
represent a significant benefit in terms of both resource utiliza-
tion and patient care. This study utilizes deep learning methods 
to automatically analyze digitized H&E slides from prophylactic 
gastrectomy specimens and detect regions suspicious for intramu-
cosal signet ring cell carcinoma.

In recent years, deep learning methods using convolutional 
neural networks (CNNs) have emerged as the most powerful 
tools for automated medical image analysis. For example, these 
models have shown impressive accuracy detecting pneumonia 
from chest radiographs [2] or retinopathy from retinal fundus 
images [3]. With the advent of digital pathology, it is becoming 
increasingly feasible to apply these same strategies to whole slide 
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images in pathology. Several groups have already begun to exam-
ine tasks in pathology that might benefit from computer assis-
tance. Relatively large-scale efforts have shown that CNNs can 
help to identify metastases in lymph nodes [4,5] or mitotic figures 
in breast cancer [6]. Importantly, it has recently been shown 
that pathologists working with the assistance of CNNs to identify 
lymph node metastases can achieve superior speed and accuracy 
relative to pathologists working without computer assistance [7].

In the current study, we create the first dataset of manually anno-
tated digitized histopathology images of hereditary diffuse gastric 
cancer. Using this data, we train a model using DenseNet-169 
architecture [8]. This is an efficient model architecture [9] that 
utilizes direct connections between early and late layers in the 
model without requiring that information pass through inter-
mediate layers. It has previously demonstrated strong performance 
on a variety of pathology image classification tasks [10]. With this 
model, we address two key questions. First, can a CNN be trained 
to accurately classify individual small images of hereditary diffuse 
gastric cancer? Second, can such a trained model be applied to 
large whole slide images to effectively highlight areas containing 
signet ring cell carcinoma?

MATERIALS AND METHODS

Patients and data collection

The lab information system at our institution was searched to 
identify seven consecutive patients with established germline 
CDH1 mutations who underwent prophylactic total gastrecto-
my. All patients had foci of intramucosal carcinoma identified 
microscopically. Patients were not excluded based on age, sex, 
or medical history. The seven patients we identified included 
four female and three male patients. The age at the time of gas-
trectomy ranged from 35 to 59 years (mean, 42.9 years). The 
number of slides containing intramucosal signet ring cell carci-
noma ranged from 5 to 24 per case (mean, 13.4), and the number 
of lesions per slide ranged from 1 to 7 (mean, 1.4). 

The seven gastrectomy specimens were divided into training 
and testing datasets. Five cases were used for training and opti-
mizing the model, and two cases were reserved for testing so 
that no data from these test cases would be seen by the model 
prior to the final analysis.

For all H&E slides from the gastrectomy specimens, foci of 
intramucosal signet ring cell carcinoma were identified by one 
of the gastrointestinal pathologists at our institution. The slides 
with cancer were digitally scanned at 200 × (0.496 µm per pixel) 
magnification using an Aperio ScanScope XT (Leica Biosys-

tems, Concord, ON, Canada). Within each scanned whole slide 
image, regions containing cancer were manually annotated by a 
pathology resident using QuPath v0.2.0-m2 software [11]. 
Patches of size 256 × 256 pixels were then randomly extracted 
from these regions such that the central 128 × 128 pixel region 
overlapped with annotated cancer. The number of patches ex-
tracted per lesion was based on the size of the carcinoma focus, 
such that there was one patch per 2,000 µm2 of carcinoma. In 
the case of tumor foci smaller than 2,000 µm2, two patches 
were extracted. To create patches of normal gastric tissue, a total 
of 150 representative normal regions were digitally scanned 
(116 from training cases, 34 from test cases). 256 × 256 pixel 
patches were then randomly extracted from these regions, with 
the number of extracted patches per region chosen to create 
roughly balanced datasets in both the training and test groups. 
For test cases, this resulted in 15 patches per region being extract-
ed, and for training cases (where the tumor foci were larger on 
average) this resulted in 70 patches per region being extracted. 

In total, 94 H&E slides were scanned and 133 individual tu-
mor foci were manually annotated. An example of a manually 
annotated tumor region is shown in Fig. 1, illustrating the 
complex borders of some tumor foci. A total of 16,822 patches 
were extracted, distributed between training and testing sets as 
shown in Fig. 2. Signet ring cell carcinoma was present in 8,192 
of these patches, while the remaining 8,630 patches contained 
only background gastric tissue.

To create an external validation dataset, the lab information 
system at an outside institution (Sunnybrook Health Sciences 
Centre, Toronto, ON, Canada) was searched to identify recent 
cases with suspected or confirmed hereditary diffuse gastric can-

Fig. 1. A representative example of a manually annotated tumor re-
gion.
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cer. Two cases were identified, with three slides containing car-
cinoma (out of 110 H&E slides in total). These slides were 
scanned using the Aperio (Leica Biosystems) scanner at Sunny-
brook Health Sciences Centre, and 256 × 256 pixel patches 
were extracted in a manner identical to that described above for 
test cases. This resulted in a total of 814 patches, with 394 of 
these containing carcinoma.

CNN training

Image patches from the five training cases were randomly di-
vided into training (90%) and validation (10%) sets. A model 
was trained using DenseNet-169 architecture with compression 
of 0.5, dropout of 0.2, and bottleneck layers as described in 
Huang et al. [8]. The model was coded in Python using Ten-
sorFlow v1.14.0 [12] with the Keras API. We trained for 100 
epochs with stochastic gradient descent at learning rate 0.1, 30 
epochs at learning rate 0.01, and 20 epochs at learning rate 
0.001. Momentum for batch normalization was set at 0.99. 
Data was augmented during training with rotations of 0°, 90°, 
180°, or 270°. The model was evaluated on the validation im-
ages after each epoch and at the end of training to monitor prog-
ress and fine tune training parameters. Various learning rate sched-
ules and minor variations on model architecture were applied. In 
particular, we found that the addition of dropout layers (which 
are optional in the DenseNet architecture [8]) was useful to reduce 
overfitting in this relatively small dataset. Only the most suc-
cessful model based on validation performance was evaluated on 
the test set.

Training was completed on an NVIDIA GeForce GTX 1060 
6GB GPU (Nvidia Corporation, Santa Clara, CA, USA).

Data analysis

The first issue to address was whether the trained model 
could accurately classify individual image patches. After train-
ing on patches from the first five cases, the model was evaluated 

on patches extracted from the two test cases. Receiver operating 
characteristic (ROC) analysis was completed and the area under 
the curve (AUC) was calculated based on the model’s predicted 
classification on these images compared to ground truth anno-
tations. An identical analysis was conducted on patches extracted 
from the external validation cases.

The second issue to address was whether the trained model 
could efficiently analyse whole slide images and identify areas 
suspicious for carcinoma. We used an approach similar to that 
described by Liu et al. [5]. Whole slide images from the two 
test cases were tiled into patches of size 256 × 256 pixels with 
128 pixels of overlap between adjacent patches. The trained 
model then made a prediction on each patch. In this way, each 
tumor focus would be analyzed in multiple overlapping patches, 
so even if one patch resulted in a false-negative, the tumor focus 
may still be detected in an adjacent/overlapping patch. When a 
patch was predicted to be positive, the image was rotated 180° 
and another prediction was made. The final prediction was 
called positive only if both individual predictions exceeded the 
threshold value. The threshold value for classifying a patch as 
positive for carcinoma was chosen based on the value needed to 
maintain 90% sensitivity for carcinoma patches in the valida-
tion dataset. This approach was chosen in an effort to minimize 
false-positives, while still maintaining adequate sensitivity for 
individual tumor foci. 

Sensitivity was calculated for the whole slide image analysis 
based on the number of tumor foci that overlapped with at least 
one patch predicted positive by the model. We also calculated 
the false-positive rate as a percentage of the non-cancer slide 
area that was predicted positive by the model.

RESULTS

Our first major objective was to determine whether the trained 
model could correctly classify individual patches as containing 
signet ring cell carcinoma or not. To assess this, the trained 
model was evaluated on patches from the test set, which it had 
not seen during training. On these images, the trained model 
achieved an ROC AUC of 0.9986 (Fig. 3). This would permit 
sensitivity of 95% with a false-positive rate of 0.2%, or a sensi-
tivity of 90% with a false-positive rate of less than 0.1%. Fig. 4 
illustrates several examples of correctly classified patches con-
taining signet ring cell carcinoma or normal tissue.

We conducted an identical analysis on the external validation 
dataset to determine whether the model’s performance could be 
generalized to images from slides stained and scanned at an out-

7 Cases total, 133 
annotated tumor foci

90% Training 
(14,266 images)

10% Validation 
(1,585 images)

Test data 
(971 images)

5 Cases 2 Cases

Fig. 2 . Distribution of image patches into training, validation, and 
test data.
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Fig. 3. Receiver operating characteristic curve for classification of in-
dividual patches from test data. The area under the curve is 0.9986.

Fig. 4.  Examples of 256 × 256 pixel patches correctly classified as cancer (A–D) or normal (E–H) by the trained model.

side institution. On external validation images, the model achieved 
a similar ROC AUC of 0.9984. This would permit sensitivity 
of 95% with a false-positive rate of 0.5%, or a sensitivity of 90% 
with a false-positive rate of less than 0.1%.

Our second major objective was to determine whether the 
trained model could be used to effectively analyze whole slide 
images with an acceptable sensitivity and false-positive rate. On 
13 whole slide images from the test cases, the sensitivity for tumor 
patches was 100% (24 out of 24 tumor foci overlapped with at 
least one patch predicted positive by the model). An example of 
the model’s output following analysis of a whole slide image is 
illustrated in Fig. 5. 

On average, false-positive results accounted for 0.098% of 

the non-cancer slide area (ranging from 0% to 0.17%). This 
was equivalent to a mean of 0.53 mm2 (approximately 0.14 
100 × microscope fields) of false-positive area per slide (ranging 
from 0 to 0.91 mm2). In other words, the model correctly elim-
inated more than 99.9% of the non-cancer area from whole 
slide images, while correctly identifying all tumor foci present 
in the testing data. However, 12 out of 13 whole slide images 
from the test set had at least one false-positive region.

DISCUSSION

In this study, we created the first dataset of annotated digital 
histopathology images from patients with hereditary diffuse gas-
tric cancer. We used this data to train a CNN with DenseNet-169 
architecture to accurately classify individual patches of cancer 
versus patches of normal background gastric tissue. The model’s 
performance on this task was consistent when it was evaluated 
on a small external validation dataset. Additionally, we applied 
the trained model to the far more difficult problem of analyzing 
whole slide images from a test set of cases that were not seen 
during training. On whole slide images, the model identified 
all tumor foci with a relatively low false-positive rate.

The trained model performed exceptionally well on the clas-
sification of individual image patches (including images from 
our institution and external validation images). Its success on 
this task suggests that the classification of these patches is usu-
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ally relatively easy. Any pathologist looking at the images in 
Fig. 4 would have little trouble determining which contained 
cancer or normal tissue, and the trained model likewise seems 
to have little difficulty with this distinction. For a human pathol-
ogist, the task becomes much more difficult when foci of cancer 
are presented in the context of a series of whole slide images from 
a total gastrectomy. This requires hours of sustained pathologist 
attention while scanning every part of the sampled tissue on 
each of hundreds of slides, typically at 100 × magnification. Un-
like a human, a computer can scan every cell of every slide at 
200× magnification with no fatigue or loss of concentration. In 
our analysis, this resulted in 100% sensitivity for tumor foci.

However, as illustrated in Fig. 5, the trained model has its 
own set of difficulties when it analyzes a whole slide image. The 
number of images of normal background tissue in the training 
dataset is relatively small compared to the number of images of 
normal tissue encountered when scanning an entire whole slide 
image. Because a machine learning algorithm can only make 
predictions based on images that it has encountered during train-
ing, it will inevitably encounter areas in a whole slide image that 
are unlike images it has seen before, and therefore more difficult 
to classify. Practically, this results in occasional false-positive 
patches, which were present on almost every slide analyzed. The 
false-positive results accounted for a small portion of the total 
slide area, equivalent to an average of 0.14 100 × microscope 
fields per slide, but these false-positive regions would require 

interpretation by a pathologist following automated computer 
analysis. 

A major barrier to the implementation of an automated slide 
analysis system is the digitization of all relevant slides. This is a 
time-consuming and expensive process, but some centers have 
begun to routinely digitize all surgical cases, encouraging pa-
thologists to routinely sign out cases using digital images [13]. 
Even after digitizing slides, automated analysis itself can be slow, 
requiring between 1 and 2 hours per slide in the current study. 
This time could be significantly improved with more powerful 
hardware, but remains an important consideration when assess-
ing the potential benefits of computer-assisted diagnosis. 

Despite the successes of CNN models in pathology, there are 
significant barriers to their implementation. Effective training 
requires a large number of images containing the lesion of inter-
est. The most successful studies analyzing whole slide images 
have used massive training slide datasets to maximize the expe-
rience of the model during training and minimize false-posi-
tives during testing. For example, Campanella et al. [4] utilized 
44,732 whole slide images, representing a dataset many orders 
of magnitude greater than that used in the current study. While 
such an approach is undeniably impressive, it is less practical in 
the case of rare diseases like hereditary diffuse gastric cancer. 
Furthermore, most approaches require that lesional areas are 
manually annotated with “ground truth” labels prior to train-
ing. This is particularly time consuming in hereditary diffuse 

Fig. 5. A portion of a whole slide image analyzed by the trained model. Panels on the right show close ups of correctly identified tumors. 
Panels on the left show false-positive patches.
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gastric cancer because of the multifocal, poorly circumscribed 
nature of the lesions. To our knowledge, our dataset currently 
represents the only fully annotated set of digital images of heredi-
tary diffuse gastric cancer, meaning that approaches requiring 
larger datasets are not yet feasible. 

While the external validation data from the current study 
suggests that the model may generalize well to image at other 
institutions, it must be acknowledged that the external valida-
tion dataset we used was quite small. This reflects the difficulty 
of creating usable data for cases of hereditary diffuse gastric cancer, 
as no large-scale datasets currently exist. The model would un-
doubtedly benefit from being trained on a larger volume of data 
generated from several different labs. The current work clearly 
demonstrates the potential utility of deep learning in the con-
text of hereditary diffuse gastric cancer, and further refinements 
as additional datasets become available in the future will continue 
to improve on the baseline we have established here. 

It should also be noted that the use of DenseNet-169 archi-
tecture in the current study is somewhat arbitrary. While this 
architecture is well known and compares favorably to other com-
mon network architectures in digital pathology [9,10], there is 
no reason to think that a model using another popular architec-
ture would not be similarly successful. Because accuracy on the 
current task was so high, a comparison between network archi-
tectures would likely not be informative. This is not to suggest 
that DenseNet is necessarily superior, but only to show that 
deep learning in general is well suited to addressing the issue of 
hereditary diffuse gastric cancer.

This model, trained on a relatively small set of images, shows 
encouraging progress towards computer-assisted diagnosis of 
hereditary diffuse gastric cancer. The case of hereditary diffuse 
gastric cancer may represent an ideal example of the value and 
effectiveness of computer-assisted diagnosis, as the strengths of 
computers (tirelessly scanning a large number of images) and 
pathologists (making intelligent decisions when encountering 
images that they have never encountered previously) comple-
ment each other. In an ideal scenario, a trained model could 
scan every slide from an entire gastrectomy specimen and pres-
ent the pathologist with only the most suspicious areas, inevita-
bly including some false-positives. Without scanning through 
hundreds of slides of each case, the pathologist could then focus 
their attention on high power images of only the most suspicious 
areas in order to determine whether cancer was present or whether 
additional investigations (for example, deeper levels or special 
stains) were required. Determining whether such a cooperative 
effort can in fact improve efficiency or accuracy will be the sub-

ject of future research.
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Colorectal cancer (CRC) is a disease with a high mortality rate 
affected by metastasis to other organs. The incidence of CRC has 
increased worldwide, making it the third most common cancer, 
next only to lung and breast cancers. Its mortality rate ranks 
second globally [1]. In South Korea, CRC is the second most 
common type of cancer after stomach cancer, caused by a west-
ernized dietary pattern [2]. Moreover, its mortality rate has 
been rapidly increasing. 

Previous studies on the mechanism of colorectal carcinogenesis 
have demonstrated the potential of microRNAs (miRNAs) as 
prognostic and diagnostic markers [3-5]. miRNAs are small 
non-coding, single-stranded RNA molecules consisting of 19–
25 nucleotides capable of controlling hundreds of target genes 
[6,7]. A miRNA either disassembles the mRNA or hinders its 
translation to protein, preventing protein expression [8]. RNase 
III Dicer disassembles pre-miRNA into a mature double-stranded 

miRNA of approximately 22 nucleotides; thereafter, it combines 
with the RNA-indicated silencing complex, splitting the mRNA 
itself or preventing mRNA transcription [9]. miRNAs are also 
involved in the activity of over 50% of human genes by affecting 
gene expression and dysregulation, which prevents the forma-
tion and progression of tumors. Therefore, miRNAs are involved 
in formation or progression of various cancers [10]. For exam-
ple, miRNA are major regulators of the Wnt/β-catenin signaling 
pathway during cell proliferation and survival [11-13]. Previous 
studies suggest that there are changes in miRNA expression in 
various cancer cells compared to normal cells [14-16]. Therefore, 
alterations in miRNA expression can be used for cancer diagno-
sis [17,18].

 Previous studies have shown that miR-552 is involved in the 
carcinogenesis, progression, and metastasis of CRC [19-22]. It 
has been reported that miR-552 promotes the proliferation and 
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invasion of CRC cells by directly targeting DACH1 through 
the Wnt/β-catenin signaling pathways [23]. miR-552 has been 
shown to activate the Wnt/β-catenin signaling pathway to reg-
ulate the expression of the tumor suppressors p53 and phospha-
tase and tension homolog (PTEN) [22,24]. However, the correla-
tion of miR-552 expression and its clinicopathological significance 
in CRC patients has not been investigated much.

This study aimed to verify the diagnostic and prognostic roles 
of miR-552 expression in patients with CRC. In this study, miR-
552 expression was investigated via quantitative real-time reverse 
transcription polymerase chain reaction (qRT-PCR) and analyzed 
for an association with clinicopathological features. Moreover, 
immunohistochemistry (IHC) for p53 and PTEN was conducted 
to confirm the association with miR-552. 

MATERIALS AND METHODS

Patients and samples

A total of 80 patients with CRC were enrolled for this study. 
Normal mucosal tissues and primary cancer tissues were collected 
from the CRC patients who underwent surgical resection at Seoul 
National University Bundang Hospital. The histopathological 
differentiation was classified according to the World Health Or-
ganization standards (5th edition) [25], and pTNM was classi-
fied according to the American Joint Committee on Cancer (8th 
edition) [26]. The clinicopathological characteristics of each pa-
tient including sex, age, location, tumor size, and presence of 
lymphatic invasion were obtained from medical charts and pa-
thology reports. The patients were followed up from the date of 
surgery either to the date of death or to the date of last follow-up.

Tissue microarray 

The specimens of patients with CRC who underwent surgical 
resection were collected from the formalin-fixed-paraffin-embed-
ded (FFPE) tissue. In each case, a 2 mm core sample was obtained 
from the tumor area, and the samples from 80 patients were ar-
ranged into two tissue microarray (TMA) blocks.

miRNA isolation

The RecoverALL Total Nucleic Acid Isolation Kit (Life Tech-
nologies, Carlsbad, CA, USA) was used to extract total RNA 
from the FFPE tissues. RNA extraction was performed as per 
the manufacturer’s manual. The purity and quantity of the extract-
ed RNA were measured using a NanoDrop 2000/2000c spectro-
photometer (Thermo Fisher Scientific, Wilmington, DE, USA). 

cDNA synthesis

cDNA synthesis was performed on 10 ng of RNA from each 
sample using the TaqMan MicroRNA Reverse Transcript Kit 
(Applied Biosystems, Foster City, CA, USA). cDNA was syn-
thesized using a C1000 Touch Thermal Cycler (Bio-Rad, Labo-
ratories, Foster City, CA, USA) with the following cycle: 16°C 
for 30 minutes, 42°C for 30 minutes, and 85°C for 5 minutes.

qRT-PCR

The TaqMan small RNA assay kit (ABI, Applied Biosystems) 
was used to quantify miR-552, following the manufacturer’s in-
struction. qRT-PCR was conducted on the synthesized cDNA, 
to evaluate miRNA expression, with the following cycle: 95°C 
for 10 minutes, 95°C for 15 seconds, and 60°C for 1 minute. 
U6 small nuclear RNA was used as the standardized control for 
the target miRNA, miR-552.

qRT-PCR was performed to obtain the average value for 
quantifying the expression. Each value of the threshold cycle 
value (Ct value), obtained based on U6 expression was standard-
ized and analyzed by a relative quantification method. U6 was 
used as the internal miRNA control, and the ∆Ct (to compare 
normal and tumor tissues) and ∆∆Ct values were calculated. 
The fold change of the gene was calculated using the estimated 
2-∆∆Ct [27].

IHC

IHC for p53 (1:1,000, clone DO-7, DAKO, Santa Clara, CA, 
USA) and PTEN (1:1,000, clone Y184, Abcam, Cambridge, 
UK) was performed on 3-μm-thick sections from the TMA 
block using a Ventana automated immunostainer (BenchMark 
XT, Ventana Medical Systems, Tucson, AZ, USA), in accor-
dance with the manufacturer's instructions. IHC was interpret-
ed by intensity (negative, weak, and strong) and area (%). The 
PTEN and p53 expression were classified into three categories: 
(1) strong staining in ≥ 10% of the tumor cells was considered 
as strong positive, (2) samples without any nuclear staining of 
tumor cells were interpreted as negative, and (3) samples exhib-
iting weak staining in any area or patchy strong staining in < 10% 
of tumor cells were regarded as weakly positive [28].

Statistical analysis

The miR-552 expression change was indicated by the median 
with range. High and low miR-552 subgroups were classified 
according to miR-552 expression levels with a cut-off of the me-
dian value [29]. Wilcoxon matched-pairs signed rank test was 
used to compare the miR-552 manifestations of the two groups, 
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and the Kruskal-Wallis test was used to compare TNM stage se-
quential trends. For comparison of variables via category on clin-
ical findings, the chi square or Fisher exact test was used. Kaplan-
Meier curves with log-rank test were used for survival analysis. 
The Cox proportional hazards model was used for univariate 
and multivariate regression analyses. Linear-by-linear association 
analysis was used to compare miR-552 with p53, and PTEN 
expression patterns. PASW ver. 18.0 (IBM Co., Armonk, NY, 
USA) was used for statistical analysis. A p-value < .05 was con-
sidered statistically significant.

RESULTS

Expression of miR-552 in CRC tissue

Primary cancer tissues and matched normal mucosal tissues 
were used to investigate the expression levels of miR-552 in pa-
tients with CRC. The relative expression value of miR-552 was 
identified based on the internal control of U6. The expression of 
miR-552 was approximately four times higher in primary can-
cer tissues than normal mucosal tissues; this was statistically sig-
nificant (p < .001) (Fig. 1A).

Relationship between the clinicopathological characteristics 
of CRC and miR-552 expression 

qRT-PCR results showed that miR-552 expression increased 
in the primary cancer tissue of patients with CRC. Based on these 
results, the correlation with clinicopathological characteristics was 
analyzed by dividing the cases into low and high miR-552 sub-
groups based on the median of the miR-552 ∆∆Ct values (Table 1). 
Clinicopathological characteristics such as age, sex, tumor loca-
tion, histologic grade, tumor size, pT, pN, M, pTNM stage, and 
venous invasion were compared with the miR-552 expression 
status. The miR-552 high expression group tended to be male, 

located in the right colon (ascending to transverse colon), have a 
low histologic grade, and be of advanced stage, but without 
statistical significance (p > .05).

Table 1. Correlation between the clinicopathological characteristics 
of patients with colorectal cancer and miR-552 expression

Variable
miR-552 expression

Total p-value
Low High

Age (yr) 72.00 (37–96) 74.00 (44–97) 72.00 (37–97) .616
Sex .369

Male 20 (50.0) 24 (60.0) 44 (55.0)
Female 20 (50.0) 16 (40.0) 36 (45.0)

Tumor location .576
Right 7 (17.5) 9 (22.5) 16 (20.0)
Left 33 (82.5) 31 (77.5) 64 (80.0)

Histologic grade .675
Low grade 36 (90.0) 38 (95.0) 74 (92.5)
High grade 4 (10.0) 2 (5.0) 6 (7.5)

Tumor size 4.25 (0.9–9.0) 4.75 (1.8–10.0) 4.50 (0.9–10.0) .505
pT .189

pT1–2 12 (30.0) 7 (17.5) 19 (23.8)
pT3–4 28 (70.0) 33 (82.5) 61 (76.3)

pN .056
pN0–1 35 (87.5) 28 (70.0) 63 (78.8)
pN2 5 (12.5) 12 (30.0) 17 (21.3)

M .204
M0 32 (80.0) 27 (67.5) 59 (73.8)
M1 8 (20.0) 13 (32.5) 21 (26.3)

pTNM .128
I 11 (27.5) 5 (12.5) 16 (20.0)
II 5 (12.5) 10 (25.0) 15 (18.8)
III 16 (40.0) 12 (30.0) 28 (35.0)
IV 8 (20.0) 13 (32.5) 21 (26.3)

Venous invasion > .99
No 28 (70.0) 28 (70.0) 56 (70.0)  
Yes 12 (30.0) 12 (30.0) 24 (30.0)

Total 40 40 80

Values are presented as median (range) or number (%).
miR-552, microRNA-552.
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Fig. 1. The expression level of miR-552 in the patients with colorectal cancer. (A) Comparative analysis of microRNA-552 (miR-552) expression 
in normal mucosal tissues (normal) and primary cancer tissues (tumor) in 80 patients with colorectal cancer using quantitative real-time reverse 
transcription polymerase chain reaction (by Wilcoxon matched-pairs signed rank test, ***p < .001). (B) miR-552 expression is relevant accord-
ing to pT stages (Mann Whitney test; p = .393). (C) miR-552 expression is relevant according to pTNM stages (Kruskal-Wallis test, p = .414).
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When the median miR-552 values were compared according 
to pT and pTNM stage (Fig. 1B, C), the expression of miR-552 
was higher in pT3–4 than pT1–2, and higher in stage II–IV than 
stage I, but the difference was not statistically significant (p = .393 
and p = .414, respectively).

Fig. 2. Immunohistochemical staining of phosphatase and tension homolog (PTEN) and p53 expression in patients with colorectal cancer: (A) 
negative staining of PTEN, (B) weak positive staining of PTEN, (C) positive staining of PTEN, (D) negative staining of p53, (E) weak positive 
staining of p53, and (F) positive staining of p53. (G) Representative amplification curves of microRNA-552 (miR-552) and U6 by real-time 
polymerase chain reaction (PCR) methods. NTC, no template control.

Relationship between miR-552 expression status and PTEN 
and p53 protein expression

IHC was performed to determine the expression of p53 and 
PTEN proteins (Fig. 2) and the association with the miR-552 
expression pattern was analyzed and compared. Negative expres-
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sion of PTEN and p53 was more frequently found in the high 
miR-552 subgroup than in low subgroup (p = .068 and p = .004, 
respectively) (Table 2).

Prognostic significance of miR-552 expression

Our study showed that miR-552 was upregulated in cancer 
tissue when compared with normal tissue in patients with CRC. 
Thereafter, we performed univariate and multivariate survival anal-
yses according to the miR-552 expression status. Kaplan-Meier 
survival curves showed that the miR-552 high subgroup was 
associated with worse prognosis, but this was not statistically sig-

Fig. 3. Kaplan-Meier univariate survival analysis according microRNA-552 (miR-552) and phosphatase and tension homolog (PTEN) expres-
sion status in patients with colorectal cancer. (A) miR-552 high group has worse prognosis than low group, but is not statistically significant 
(p = .255). (B) miR-552 high and PTEN-negative group is significantly associated with poor prognosis when compared to others (p = .029).

nificant (p = .255) (Fig. 3A). However, the miR-552 high and 
PTEN-negative subgroup had significantly worse outcome than 
the other subgroups (p = .029) (Fig. 3B). When multivariable 
Cox regression analysis was performed with pTNM stage and 
age, high miR-552 and PTEN-negative subgroup had a ten-
dency of worse prognosis, but with borderline statistical signifi-
cance (p = .077) (Supplementary Table S1).

DISCUSSION

The incidence of CRC is increasing every year. However, early 
diagnosis is difficult and the disease has a high mortality rate due 
to metastasis. Many recent studies have suggested altered expres-
sion of miRNAs in various cancers. For CRCs, researchers inves-
tigated how miRNAs contribute to carcinogenesis and regulate 
the invasion and metastasis of cancer during disease progression. 
miR-552, one of the miRNAs whose expression is altered in dif-
ferent types of cancers, has been found to be related to colorec-
tal, ovarian, breast, liver, and pancreatic cancers [23,24,30-32]. 
In this study, the expression of miR-552 in normal mucosa and 
primary cancer tissue and the association with clinicopathological 
characteristics of patients with CRC were analyzed. The results 
showed that miR-552 in CRC showed an increased expression 
in primary cancer tissue compared to normal mucosal tissue. 
This is in accordance with the results of previous studies [19,33].
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Table 2. The relationship between PTEN and p53 protein expres-
sion by immunohistochemistry and miR-552 expression (linear-by-
linear association)

miR-552 expression
Total p-value

Low High

PTEN .068
Negative 3 (7.7) 7 (17.5) 10 (12.7)
Weak 13 (33.3) 17 (42.5) 30 (38.0)
Positive 23 (59.0) 16 (40.0) 39 (49.4)

p53 .004
Negative 3 (7.7) 14 (35.0) 17 (21.5)
Weak 3 (7.7) 3 (7.5) 6 (7.6)
Positive 33 (84.6) 23 (57.5) 56 (70.9)

Total 39 40 79

PTEN, phosphatase and tension homolog; miR-552, microRNA-552.
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We determined the association between miR-552 and the 
tumor suppressor genes, PTEN and p53. PTEN catalyzes the 
dephosphorylation of phosphatidylinositol 3,4,5-trisphosphate 
(PIP3) [34]. Loss of PTEN function increases PIP3 activity and 
activates the phosphoinositide 3-kinase/protein kinase B (PKB 
or AKT; hereafter referred to as AKT) signaling pathway to 
promote cell growth, proliferation, and survival [35,36]. The 
protein phosphatase activity of PTEN is involved in regulating 
the cell cycle, preventing cells from growing or splitting too 
quickly [24,37]. p53 expression rapidly increases when DNA 
damage occurs in cells, leading to the expression of DNA repair-
ing enzymes to allow cells to survive, or the expression of BCL-2–
associated X protein and p53 upregulated modulator of apop-
tosis, which induce cell death, causing damaged cells to die on 
their own [22,38,39]. Abnormalities in PTEN and p53 expres-
sion promote cancer development by inducing cell cycle, reduc-
ing apoptosis, and decreasing genomic stability. Previous in vivo 
studies have shown that the 3'-untranslated region of PTEN and 
p53 mRNA has a potential miR-552 binding site and the two 
molecules interact, suggesting that miR-552 could regulate the 
expression of PTEN and p53 [22,24,40,41]. miR-552 directly 
targets PTEN and p53, reducing PTEN and p53 expression 
levels when miR-552 is overexpressed [22,24,40]. Our results 
also revealed frequent loss of PTEN expression or p53 negative 
expansion in the high miR-552 subgroup using clinical samples 
of CRC. 

miR-552 had a tendency of increased expression in advanced 
pT or pTNM stage, but without statistical significance. In addi-
tion, the high miR-552 subgroup did not have a statistically sig-
nificant worse prognosis. However, the high miR-552 subgroup 
with PTEN loss showed a statistically significant worse prog-
nosis. It is suggested that the combined status of miRNAs and 
their target proteins may be more clinically significant than the 
miRNAs themselves. Further studies are needed to clarify it.

An analysis of the correlation between clinicopathological 
characteristics and miR-552 expression in patients with CRC 
showed that the expression of miR-552 was high regardless of 
age, sex, and tumor location (Table 1). However, a few previous 
studies have shown that high miR-552 expression in CRC and 
other cancers was correlated with aggressive clinicopathological 
factors, such as higher histologic grade, lymph node metastasis, 
and advanced TNM stage [19,33]. A potential reason why the 
results of our study differ from those of the previous studies 
could be the small sample size of our study. Therefore, a large 
multicenter study would be necessary in the future. In addition 
to cancer tissues of patients with CRC, miR-552 expression sta-

tus in other tissues such as blood may be helpful for early diag-
nosis and detection of cancer recurrence. 

miRNAs are expressed directly in cancer cells, or in cancer mi-
croenvironment such as cancer-associated fibroblasts (CAFs) and 
various tumor-infiltrating immune cells. miR-21 expression in 
CAFs was reported in CRC tissue using the in situ hybridiza-
tion method [42]. Previous studies have reported that miR-552 
expression increased in various cancer tissues and cell-lines in-
cluding CRC, hepatocellular carcinoma, osteosarcoma, ovarian 
cancer, gastric cancer, pancreas cancer, and lung cancer, suggest-
ing the possible expression of miR-552 in cancer cells. However, 
our results could not demonstrate which cells expressed miR-552 
because we used the real-time PCR. Further studies are needed 
to reveal the source of miR-552 expression.

The results of this study suggest that increased miR-552 ex-
pression can be used as a diagnostic biomarker in patients with 
CRC and that the combined analysis with PTEN expression may 
be used as a prognostic marker, which can help diagnose and treat 
patients with CRC in the future.
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Salivary gland neoplasms are uncommon and account for only 
3%–10% of head and neck tumors [1]. Tumors of the salivary 
gland are classified into distinct subgroups by their characteris-
tic histological features, immunoprofiles, and genetic alterations, 
and the histological subgroups have unique clinical characteris-
tics. In the current World Health Organization (WHO) classifi-
cation of head and neck tumors, salivary gland tumors are classi-
fied into 21 malignant tumors, 11 benign tumors, and one tumor 
with uncertain malignant potential. However, tumors with char-
acteristic histological types that do not meet the current diag-
nostic criteria are still being reported. Moreover, salivary gland 
neoplasms are often diagnostically challenging because of the 
morphologic overlap in some of the tumors and the presence of 
variants and mimickers. As immunostaining is usually not help-
ful in distinguishing peculiar cases, molecular analysis is neces-
sary for accurate tumor classification.

We recently encountered two cases of minor salivary gland 

neoplasms with unique morphology, which do not meet the di-
agnostic criteria for a specific entity and are unclassifiable in the 
current WHO classification of head and neck tumors. The tu-
mors were comprised of only epithelial components with trabec-
ular arrangement and they formed focal mucin-producing glan-
dular structures, and fluorescence in situ hybridization (FISH) 
analysis showed concurrent alteration of MAML2 gene as well 
as EWSR1 gene. This genetic change is exceedingly rare in head 
and neck tumors and only one case report has been published re-
garding dual gene rearrangement of MAML2 and EWSR1 [2].

Histological features of these tumors have not been reported 
previously, and their biological behaviors are unknown. Herein, 
we describe detailed clinicopathological and molecular charac-
teristics of two minor salivary gland adenocarcinoma cases with 
MAML2 and EWSR1 alterations. We anticipate this report will 
extend the knowledge on this rare, but distinct tumor of the 
minor salivary gland.

CASE STUDY
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Adenocarcinoma of the minor salivary gland with concurrent MAML2  
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Salivary gland tumors are histologically diverse, and each entity has distinctive histopathological and molecular features. We report two 
cases of salivary gland tumors with unique histological and molecular findings, which have not been documented previously. The tu-
mors were located in the base of the tongue in both patients. Most tumor cells were arranged in cords and nests, giving a trabecular-
like appearance. Focally, glandular structures with intraluminal mucin and perivascular pseudorosette-like configurations were identified. 
Tumor cells had eosinophilic to clear cytoplasm, and showed mild nuclear atypia. They were positive for pancytokeratin and negative 
for S-100, p63, c-KIT, androgen receptor, and neuroendocrine markers. Multiple foci of capsular or lymphovascular invasion were identi-
fied, but the Ki-67 labeling index was low (< 5%). Fluorescence in situ hybridization revealed concurrent alterations of MAML2 and 
EWSR1 gene. Further investigations with a larger number of cases with similar histological and molecular features will accurately classify 
this tumor.
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CASE REPORT

Case 1

A 48-year-old woman (patient 1) who had a history of hyper-
thyroidism and rheumatoid arthritis was referred to our hospital 
for examination of a mass in the base of her tongue, which was 
found accidentally during cervical magnetic resonance imaging 
(MRI) for neck pain evaluation. Clinically, the mass was palpa-
ble at the right sublingual gland site, but the patient had no 
symptoms.

MRI revealed a solid and cystic lesion measuring 3 cm in the 
right tongue base that seemed to have originated from the right 
sublingual gland. Positron emission tomography revealed 18F-
fluorodeoxyglucose uptake of the mass and mild hypermetabolic 
lymph nodes in the right level 1b area, which were suspicious of 
metastasis. Distant metastasis to other organs was not identified. 
The patient subsequently underwent sublingual mass excision. 
She developed no local or distant recurrence of the disease 20 
months after the surgery.

Case 2

Patient 2 was sent to us for consultation. This 63-year-old oth-
erwise healthy woman was admitted for chronic tonsillitis with 
pain.

Computed tomography revealed a submucosal mass measuring 
2.1 cm in the right tongue base with focal cystic and necrotic 
areas. The bilateral neck lymph nodes were not significantly en-
larged. Excisional biopsy was performed on the tongue base mass. 
The patient was referred to our hospital for further treatment. 
There was no evidence of recurrence or metastasis during the 
14-month follow-up.

Pathological findings

We examined surgically resected specimens obtained from 
the right tongue base mass from each patient. The gross exami-
nation of the resected tumors showed relatively well-circum-
scribed, white tan-colored, solid masses with focal cystic changes 
and hemorrhage. Microscopically, the tumors were highly vas-
cularized, and tumor cells were arranged in variably sized nests 
and cords that were separated by delicate fibrous septa contain-
ing thin blood vessels, which formed a trabecular-like pattern 
(Figs. 1A, 2A). Cytologically, the tumor cells were round to ovoid 
or sometimes spindle shaped and tended to have long and clear 
to abundant eosinophilic and granular cytoplasm. The tumor 
cells had small- to medium-sized nuclei with mild to moderate 
nuclear membrane irregularity, vesicular chromatin, and incon-

spicuous nucleoli. The nuclei were aligned side by side perpen-
dicular to the basement membrane around the vessels of the 
septum.

In the tumor from patient 1, the nucleus was positioned away 
from the basement membrane and toward the fibrovascular 
septa, which imparted the appearance of reverse polarity. The 
blood vessels between tumor cell nests were usually thin, but 
perivascular hyalinization was prominent in some areas. Around 
these blood vessels, perivascular pseudorosette-like arrangements 
of nuclei were observed (Fig. 1B). Peripheral nuclear palisading 
was seen in this area. Focally, glandular structures with intralu-
minal and intracytoplasmic mucins were identified in both pa-
tients’ tumors (Figs. 1C, 2B). There was no identifiable perineu-
ral invasion by the tumor cells; however, capsular invasion and 
lymphovascular invasion were occasionally found (Fig. 1D). Mi-
totic figures and tumor necrosis were not identified. There was 
no metastasis in the right level 1b lymph node from patient 1.

The tumor cells showed diffuse positivity for cytokeratin (AE1/
AE3) (Figs. 1E, 2C). The pseudorosette-like components iden-
tified in patient 1 were weakly positive for cytokeratin. They 
also displayed CD99 immunoreactivity, which highlighted thick 
hyalinized blood vessels (Fig. 1F). Immunoshistochemical stain-
ing for chromogranin, CD56, smooth muscle actin (SMA), S-100, 
c-KIT, and androgen receptor (AR) were negative in tumor 
cells. The lack of p63 staining indicated an absence of myoepi-
thelial differentiation in this tumor (Fig. 1G). CD34 staining 
revealed marked vascular proliferation between the tumor 
glands or nests. The Ki-67 labeling index was < 5% (Figs. 1H, 
2D). Special staining for mucin using mucicarmine, periodic 
acid–Schiff, and periodic acid–Schiff–diastase showed the pres-
ence of intraluminal and cytoplasmic mucin in the tumor cells.

We performed break apart FISH analysis with MAML2, 
EWSR1, and ETV6 probes to confirm genetic changes of this 
tumor. A minimum of 50 tumor cell nuclei were evaluated. FISH 
results were interpreted as positive when > 10% of tumor cells 
showed a split of the red and green signals by ≥ 2 signal diameters, 
or when a green signal deletion was identified. Both cases had 
evidence of MAML2 and EWSR1 alterations and were negative 
for ETV6. One case had alteration (partial deletion or unbalanced 
translocation) of MAML2 and translocation of EWSR1 (Fig. 
3A, B). The other case showed translocations of MAML2 and 
EWSR1 (Fig. 3C, D).

Targeted next-generation sequencing (NGS) using Cancer-
SCAN NGS panel was performed only for case 1 because of the 
lack of available tissue in case 2. Deep targeted sequencing detect-
ed 19 single nucleotide variants (SNV) including TOP1, PMS2, 
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Fig. 1. Histopathological findings and immunostaining results for case 1. (A) Low-power image shows cords and nests of tumor cells sepa-
rated by fibrous septa. The tumor cells appear round to polygonal and contain bland-looking nuclei with fine chromatin and abundant eosin-
ophilic granular cytoplasm. Mucinous cells are scattered throughout the tumor. (B) In some areas, tumor cell nuclei show peripheral palisad-
ing around blood vessels, which give a perivascular pseudorosette-like appearance. (C) Focally, tumor cells show glandular differentiation 
and intraluminal mucin secretion. (D) Endolymphatic tumor emboli are found in the peritumoral fibrous capsule. (E) Cytokeratin (AE1/AE3) 
staining is positive in both the trabecular and glandular components (left side), but focal staining is observed in the rosettoid area (right side). 
(F) Tumor cells around the hyalinized vasculatures (arrows) with pseudorosette-like arrangement exhibit positive CD99 immunoreactivity. (G) 
Immunohistochemical staining for p63 reveals the lack of myoepithelial differentiation of this tumor. (H) The Ki-67 labeling index in tumor cells 
is very low (< 1%).
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NPM1, NF1, MAP2K4, HSP90AA1, and GNAQ. Seventeen 
variants were nonsynonymous SNVs, and two were stop-gain 
SNV and non-frameshift deletion. Despite the high tumor pu-
rity (> 80%), all of the alterations had very low variant allele fre-
quency (< 5.0%), and these variants were regarded as subclonal 
changes with genetic heterogeneity of tumor cells or possible 
sequencing errors.

       
DISCUSSION

Classification of salivary gland tumors is based mainly on his-
tomorphology, lineage, and biological features [1]. Although no 
single antibody is specific for a tumor entity, the combination of 
immunohistochemical markers is helpful in the differential di-
agnosis of salivary gland neoplasms. With advances in the mo-
lecular diagnostics, specific genetic alterations in salivary gland 

tumors have been identified, and the classification is being fur-
ther refined [3]. 

The two cases of salivary gland tumors reported here displayed 
unique histological changes that have not been described previ-
ously. The tumors displayed a corded and nested growth pattern 
with focal glandular differentiation and prominent vasculariza-
tion. They had bland, round nuclei with inconspicuous nucleoli, 
and eosinophilic or clear cytoplasm. One of the two cases displayed 
pseudorosette-like arrangements around thickened blood vessels. 
Immunohistochemical staining for cytokeratin, SMA, S-100, 
c-KIT, p63, AR, and neuroendocrine markers revealed epithelial 
differentiation of the tumor cells, which were devoid of a myoepi-
thelial component. Because this histological feature does not fit 
into any known type of salivary gland neoplasm, these tumors were 
initially diagnosed as adenocarcinoma, not otherwise specified.

Characteristic chromosomal rearrangements are found in many 

A

C
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D

Fig. 2. Histopathological findings and immunostaining results for case 2. (A) Low-power image shows the tumor cells arranged in nests and 
cords which are surrounded by thick fibrous septa, forming trabecular growth pattern. The tumor cells possess lightly eosinophilic to clear 
cytoplasm. (B) Glandular components with intraluminal and intracytoplasmic mucin secretion are found in multiple areas. (C) Cytokeratin 
(AE1/AE3) staining reveals diffuse strong positive reactivity. (D) Focal p63 expressions are found in only a few tumor cells.
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salivary gland neoplasms. For example, CRTC1–MAML2 fusion 
in mucoepidermoid carcinoma (MEC), ETV6–NTRK3 fusion 
in secretory carcinoma, MYB–NFIB fusion in adenoid cystic car-
cinoma, and EWSR1–ATF1 fusion in clear cell carcinoma (CCC) 
are well-known translocations and they are diagnostic for each 
tumor [4]. However, the presence of dual gene rearrangement in 
tumors of the salivary gland is extremely rare. Currently, there 
has been only one case report of intraosseous maxillary tumor 
harboring MAML2 and EWSR1 rearrangement [2]. The tumor 
consisted of sheets and nests of clear tumor cells with intervening 
hyalinized and desmoplastic septa. Epidermoid cells and mucinous 
cells were scattered throughout the tumor. FISH analysis showed 
rearrangement of both MAML2 and EWSR1 genes. Based on his-
tomorphology and the cytogenetic findings, Hamza et al. [2] 
presumed this tumor as a hybrid of clear cell variant of MEC and 

clear cell odontogenic carcinoma. Similarly, in our case, positive 
results of MAML2 and EWSR1 analysis suggest the possibil-
ity of MEC or CCC. Interestingly, tumor cells showing one fused 
signal and a single red signal of MAML2 probe were frequently 
observed in one case, which could represent partial deletion or un-
balanced translocation of the MAML2 gene. This unusual FISH 
pattern has also been previously reported in high-grade MEC [5].

MEC is the most common malignant salivary gland tumor. 
They are composed of varying proportions of squamoid, mucin-
producing, and intermediate cells forming cystic and solid pat-
terns. They are classified as low, intermediate, and high-grade, 
and the grading criteria include the proportion of mucous-cells, 
tumor invasiveness, anaplasia, mitotic rates, tumor necrosis, peri-
neural or lymphovascular invasion, and the proportion of cystic 
component. Low-grade MECs are usually well circumscribed, 

A

C
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D

Fig. 3. Representative image of fluorescence in situ hybridization (FISH) analysis for MAML2 and EWSR1 from case 1 (A, B) and 2 (C, D). (A, 
B) In case 1, FISH analysis for MAML2 reveal one fused signal and a single red signal (red arrows), suggesting partial deletion or unbalanced 
translocation of MAML1 (A). (B) EWSR1 shows one fused signal and separate red and green signal (yellow arrows), indicating translocation 
of EWSR1. (C, D) Case 2 shows several cells with split of red and green signals (yellow arrows) for MAML2 (C) and EWSR1 (D), indicating 
concurrent MAML1 and EWSR1 rearrangement.
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mucous cell-rich, and have a prominent cystic component [6-8]. 
Most MECs are characterized by specific gene fusions involving 
MAML2, with a high tendency in low to intermediate grade tu-
mors [9,10]. In our case, the tumor cells are mainly arranged in 
cords and nests exhibiting trabecular-like pattern, and partly form 
glands with intracytoplasmic and luminal mucin production. 
Although well-circumscribed tumor border and the presence of 
mucin-producing cells are reminiscent of low-grade MEC, epi-
dermoid cells or intermediate cells which are helpful in diagnosis 
of MEC are not observed. Furthermore, variants of MECs known 
to date (oncocytic, Warthin-like, ciliated, and sclerosing) [10-13] 
did not cover the histological characteristics as in our cases. 

CCC is a low-grade salivary gland carcinoma, frequently aris-
ing in the minor salivary glands, particularly in the base of the 
tongue. CCCs are composed of malignant cells with solid sheets, 
nests, cords, and trabecular growth pattern surrounded by hya-
linizing stroma. Tumor cells may also show mucinous differen-
tiation either focally or diffusely [14]. Diffuse and strong p63-
reactivity and EWSR1-ATF1 gene fusion is consistently identified 
in CCC [15]. In our patients, most tumor cells showed a corded 
and nested configuration with some glandular differentiation, 
and cytoplasmic clearing were partly observed. However, im-
munohistochemical staining revealed a lack of p63 expression 
in both cases, which does not match pathological characteristics 
of CCC.

In our cases, we used break apart probes to identify rearrange-
ment of MAML2 and EWSR1, but unfortunately, we could not 
reveal the fusion partners. Nevertheless, based on positive FISH 
results of both genes, we suspect that these tumors possibly 
possess pathologic and molecular characteristics of both MEC 
and CCC. Identifying the specific fusion partner of MAML2 
and EWSR1 would be helpful in refining this tumor entity. 

The Ki-67 labeling index has been reported as a prognostic 
indicator and may be used for the differential diagnosis between 
malignant and benign tumors of the salivary gland [16,17]. Ki-
67 labeling index is usually < 5% in benign tumors and > 10% 
in malignant tumors. The tumors described here had a low Ki-
67 labeling index—both < 5%. Based on the Ki-67 labeling in-
dex, this tumor could be defined as a benign neoplasm. However, 
histologic features, especially lymphovascular or capsular inva-
sion, support that these tumors are malignant. The very low 
Ki-67 labeling index suggests that these tumors are low-grade 
malignancy. A larger number of cases with long-term follow-up 
is needed to determine the exact prognosis. 

We identified 19 somatic variants (TOP1, PMS2, NPM1, 
NF1, MAP2K4, HSP90AA1, and GNAQ) in the samples from 

patient 1. These variants have not been previously reported for 
any other types of salivary gland tumors and may be associated 
with neoplastic transformation or progression. However, allele 
frequency of these variants was so low that it is doubtful that 
these genes have any diagnostic significance. 

In conclusion, we have presented two cases of adenocarcinoma 
of minor salivary glands with concurrent MAML2 and EWSR1 
alteration, which displayed unique histological changes that have 
not been previously described in other types of salivary gland 
neoplasms. Cords, nests, and trabecular-like arrangements of 
tumor cells are predominant, with foci of glandular components 
composed of mucous-cells. Well-circumscribed border, bland 
tumor nuclei, low Ki-67 labeling index, and non-aggressive clin-
ical behavior suggest that these tumors are low-grade malignan-
cies. Further investigations involving more cases sharing similar 
histological and molecular features are needed to define this un-
usual type of salivary gland tumor.
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Lung adenocarcinoma (LUAD) accounts for > 40% of lung 
cancers. It consists of several heterogeneous molecular subtypes 
defined by their oncogenic driver mutations [1,2]. Correctly clas-
sifying the molecular subtypes of LUAD is important in clinical 
practice because the presence of a certain driver mutation opens 
up therapeutic options that can improve the survival of patients 
with LUAD [1,2]. Epidermal growth factor receptor (EGFR) 
mutations and anaplastic lymphoma kinase (ALK) transloca-
tions are two of the most important oncogenic drivers in LUAD 
[2]. Although they are considered to be mutually exclusive [3], 
recent studies have shown that in some cases, albeit rarely, both 
EGFR mutation and ALK translocation are present in LUAD 
[4-9]. Most of those cases share several clinicopathological char-
acteristics, including their advanced stage (III or IV) and a tu-
mor morphology characteristic of LUAD due to translocated 
ALK [7]. In addition, in two cases, the immunohistochemistry 
(IHC) results suggested that the mutant-EGFR protein was ex-

pressed in the same tumor population as the ALK fusion pro-
tein [5,8]. However, here we report a case of early-stage LUAD 
with a concomitant EGFR/ALK alteration in which the ALK 
translocation was spatially segregated in a focal tumor area with 
a lepidic morphology.

CASE REPORT

A 63-year-old male patient who was a never-smoker presented 
with an incidentally found solitary pulmonary nodule. A pure 
ground-glass nodule (GGN) at the right lower lobe (RLL) had 
been detected 3 years previously, and a recent follow-up chest 
computed tomography (CT) exam had shown a GGN ~1.7 cm 
in diameter with a 0.5-cm solid portion (Fig. 1A, B). A positron 
emission tomography–CT fusion scan showed mild uptake by 
the GGN but no other hypermetabolic lesion (Fig. 1C). A lo-
bectomy of the RLL was performed, and pathologic evaluation 
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of the lesion confirmed a primary LUAD, 1.9×1.4×1.3 cm in 
size, with a predominantly acinar pattern but also associated 
lepidic and papillary patterns. There was no evidence of pleural 
invasion or nodal metastasis (pT1bN0, IA) (Fig. 2).

Tests for EGFR mutation and ALK translocation were carried 
out as part of the routine molecular work-ups for non–small cell 
lung cancer (NSCLC). A missense mutation in EGFR exon 21 
(L858R) was found by EGFR PANAMutyper (PANAGENE, 
Daejeon, Korea). ALK IHC (clone D5F3, Cell Signaling Tech-
nology, Danvers, MA, USA) showed focal positivity within the 
part of the tumor characterized by lepidic pattern (Fig. 2). Fluo-
rescence in-situ hybridization (FISH) using a break-apart probe 
(Abbott Molecular Inc., Des Plaines, IL, USA) confirmed an ALK 
translocation in the ALK-positive area and its absence in the 
ALK-negative area of the tumor.

Targeted next-generation sequencing (NGS) using Axen Can-
cer Panel 1 (Macrogen Inc., Seoul, Korea), comprising 88 cancer-
related genes, was performed separately on the ALK IHC/FISH-
positive and ALK IHC/FISH-negative tumor tissue. ALK IHC/
FISH-positive area was carefully microdissected from formalin-
fixed, paraffin-embedded (FFPE) slide as shown in Fig 2, and 
ALK IHC/FISH-negative tumor tissue was obtained from a sep-
arate FFPE block with no ALK IHC-positive portions. The tis-
sue from ALK IHC/FISH-negative area harbored EGFR L858R 
(variant allele frequency [VAF], 20.0%) and EGFR L833V (VAF, 

19.5%) mutations (Fig. 3A). The two EGFR mutations were 
found in the same read, suggesting their presence in the same 
allele. Targeted sequencing of the ALK IHC/FISH-positive area 
revealed an EML4 (echinoderm microtubule-associated protein-
like 4)-ALK fusion with breakpoints occurring at intron 18 of 
EML4 and intron 19 of ALK (Fig. 3B), as well as the same EGFR 
L858R and L833V mutations found in the ALK IHC/FISH-
negative area, albeit at lower VAFs (5.9% and 3.4%, respectively) 
(Fig. 3A).

DISCUSSION

Here we report a case of early-stage LUAD with concomitant 
EGFR and ALK alterations. In the mutated EGFR background 
of the tumor, a focal area with an additional ALK translocation 
was identified by IHC and FISH. NGS confirmed that the ALK-
positive lesion harbored dual EGFR and ALK alterations and 
that identical EGFR mutations were shared by both ALK-posi-
tive and -negative portions of the tumor, suggesting the diver-
gence of an EGFR/ALK co-altered subclone from the original 
EGFR-mutant clone.

Both EGFR and ALK alterations are major driver mutations in 
LUAD, and was considered to be mutually exclusive [3]. How-
ever, rare cases with concomitant EGFR and ALK alterations 
have been reported [4-9]. The prevalence of concomitant EGFR 

A
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Fig. 1. Radiologic findings of the ground-glass nodule (GGN). (A, B) Coronal and axial computed tomography scan reveals a 1.7-cm GGN 
(arrows) with an inner solid portion measuring 0.5 cm in the right lower lobe of the lung. (C) The GGN (arrow) shows mild uptake on the posi-
tron emission tomography–computed tomography fusion scan, and no other hypermetabolic lesions are found.
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mutation and ALK translocation among NSCLC patients was 
estimated to be 0.9% [6]. Although our case is not the first re-
port of a LUAD carrying both EGFR and ALK alterations, its 
clinicopathological features were unique.

In previous reports of LUAD with concomitant EGFR/ALK 

alterations, the tumors were often clinically advanced [4,5,7-10], 
whereas in our patient the tumor was stage IA LUAD. These 
findings suggest that co-alterations of EGFR and ALK can occur 
in the very early phase of tumorigenesis. Pathologic evaluation 
of the tumor revealed the lepidic growth pattern of the ALK-pos-

Fig. 2. Pathologic features of the tumor. Microscopic evaluation of the tumor section shows lung adenocarcinoma with a predominantly aci-
nar pattern (green circle) but also a lepidic portion (blue circle). Anaplastic lymphoma kinase (ALK) immunohistochemistry (IHC) reveals the 
focal expression of ALK within the part of the tumor showing lepidic growth. On ALK fluorescence in-situ hybridization (FISH), split signals 
(yellow circles) are seen within the ALK IHC-positive area whereas the ALK IHC-negative area is conformed as negative. H&E, hematoxylin 
and eosin.
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itive portion whereas the pattern in the ALK-negative portion 
was predominantly acinar. LUADs with concomitant EGFR/
ALK alterations frequently exhibited a solid, cribriform, or mi-
cropapillary patterns [7], while our case suggests that LUAD 
with co-altered EGFR/ALK can also include low-grade histologic 

patterns. These findings demonstrate that LUAD with concomi-
tant EGFR/ALK alterations is not limited to a single morphology 
but may, instead, be characterized by a wide histologic spectrum.

Despite previous reports of concomitant EGFR/ALK co-altered 
LUADs, the spatial and sequential contexts of the two altera-
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Fig. 3. Results of targeted sequencing of the anaplastic lymphoma kinase (ALK) immunohistochemistry (IHC)/fluorescence in-situ hybridiza-
tion (FISH)–positive and -negative portions of the tumor. (A) Next-generation sequencing identified epidermal growth factor receptor (EGFR) 
L858R and L833V point mutations in both the ALK IHC/FISH-positive and -negative portions of the tumor, albeit with different variant allele 
frequencies. Tissues for targeted sequencing were obtained from separate slides to avoid potential contamination. Since both EGFR muta-
tions were found in the same read, it is likely that they occurred in the same allele. (B) Soft clipped reads of ALK (left) and EML4 (echinoderm 
microtubule-associated protein-like 4) (right) with breakpoints at intron 18 of EML4 and intron 19 of ALK were found in the ALK IHC/FISH-
positive portion of the tumor and suggested the fusion of the two genes.
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tions are poorly understood. Yang et al. [5] identified seven cases 
of LUAD with co-localized expression of mutant EGFR and 
ALK, determined in serial sections of the FFPE tumor samples. 
Their observations evidenced the intra-tumor and potential in-
tracellular coexistence of EGFR and ALK alterations in certain 
LUADs. Our case also shows that EGFR and ALK can be co-al-
tered in LUAD within the same tumor population, as verified 
by targeted sequencing. Moreover, the sequencing results pro-
vided additional insights, by revealing combined L858R and 
L833V mutations in the EGFR gene. This is an extremely rare 
finding, with only a single case identified among 783 NSCLCs 
analyzed [11]. Thus, it is highly unlikely that the EGFR L858R 
and L833V mutations in the ALK-positive and ALK-negative 
areas occurred independently, de novo; rather, a more plausible 
scenario is that the two-point mutations arose as a single first hit, 
followed by ALK translocation in a subclone stemming from the 
main tumor that subsequently followed a divergent evolution.

The spatial distribution of the mutant EGFR and ALK fu-
sion proteins in two advanced LUAD cases was previously ana-
lyzed using IHC, and the homogeneous co-localization of the 
EGFR/ALK alterations was determined in both [8]. This find-
ing contrasts with the present case, in which the ALK translo-
cation was likely to have been a sub-clonal event that gives rise 
to LUAD with co-altered EGFR/ALK. Further studies are need-
ed to verify that, in tumorigenesis of LUAD with concomitant 
EGFR/ALK alterations, the two events were indeed consecutive.

Nevertheless, the possibility of collision tumor cannot be com-
pletely ruled out; current extraction-based, bulk sequencing 
cannot verify that two EGFR mutations and ALK translocation 
exist in the very same tumor cell. However, we performed NGS 
after careful microdissection of the tumor area showing lepidic 
pattern, where virtually every tumor cells stained positive for 
ALK protein. This implies that the likelihood of the presence of 
EGFR-only-mutated tumor cell population within the micro-
dissected area would be extremely low. Recent advances in sin-
gle-cell sequencing technology would help deciphering the clonal 
events in single-cell resolution. 

There is currently no consensus regarding the treatment of 
LUAD with concomitant EGFR/ALK alterations, and conflicting 
results on the efficacy of EGFR tyrosine kinase inhibitors (TKI) 
versus ALK inhibitors as first-line treatment have been reported 
[4-9]. Won et al. [4] found that the clinical outcome of patients 
treated with ALK inhibitors was substantially better than that 
of patients treated with EGFR TKIs. However, based on their 
own multi-center retrospective analysis and review of published 
data, Schmid et al. [9] concluded that EGFR/ALK co-altered 

LUADs were more likely to be resistant to ALK inhibitors than 
to EGFR TKIs. Yang et al. [5] attempted to explain these con-
flicting results by considering the phosphorylation status of 
EGFR and ALK as potential predictive biomarkers of treatment 
response, but the number of patients analyzed was too small to 
draw definitive conclusions. 

In our patient, although kinase inhibitor treatment was not 
needed, as the tumor was small enough to be locally excised, it 
is reasonable to assume that the treatment response would have 
been better with an EGFR TKI than with an ALK inhibitor, 
because the ALK translocation was present only in a subclone of 
the tumor. Identification of the initial genetic alteration may 
therefore aid in determining the primary driver mutation in 
EGFR/ALK co-altered LUAD, even in advance-stage tumors, 
as it may, in turn, lead to optimal treatment selection.

In summary, we report a case of early-stage, EGFR-mutated 
LUAD with a focal EGFR/ALK co-alteration. Our study sug-
gests that concurrent mutations of EGFR and ALK can arise via 
divergent tumor evolution, even in the relatively early phases of 
tumorigenesis.
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Malignant rhabdoid tumor (MRT) of the kidney is an uncom-
mon renal tumor mainly reported in children. This tumor is ag-
gressive with a poor prognosis [1]. It was thought of as a tumor 
of the pediatric group until recently. Since the first reported case 
by Lowe et al. [2] in 1990, only limited case reports have been 
published on MRT of the kidney in adult patients [2-9]. 

Here, we report a rare case of MRT of the kidney in a 57-year-
old male. The diagnosis was supported by immunohistochemis-
try and molecular studies. The microscopic, immunohistochem-
ical, and molecular characteristics of this tumor are described in 
this report.

CASE REPORT

A 57-year-old Korean male presented with left flank pain 
lasting for a day at the urology department of an outside hospi-
tal. He was a previous smoker on medication for hypertension. 
He was diagnosed with spontaneous intracerebral hemorrhage 
9 years ago and a ureter stone 7–8 years ago. Physical examina-
tion revealed left costovertebral angle tenderness. Under the im-

pression of a ureter stone, a non-contrast computed tomography 
(CT) was performed, and two masses were found in the left kid-
ney. Additional contrast-enhanced CT scans revealed a 7-cm-
sized heterogeneously enhancing lobulated mass in the lower pole 
of the left kidney involving the Gerota’s fascia and a 4.4 cm-sized 
necrotic mass near the upper pole, raising suspicion for metas-
tasis to a large necrotic lymph node in the hilum (Fig. 1A–C). 
The clinical diagnosis was renal cell carcinoma (RCC), stage IV. 
He was sent to our institution for surgical management, where 
the radiologists reviewed scans and drew the same conclusion 
(RCC, cT4N1) with some additional information: the mass might 
have invaded the left posterior abdominal wall, and the left adre-
nal gland abuts the upper pole mass. The patient underwent a 
radical nephrectomy with an adrenalectomy. 

Specimens were then received for histopathological examina-
tion (Fig. 1D, E). The specimen consisting of the left kidney with 
perinephric fat, ureter, and adrenal gland measured 19 × 12 × 6 
cm altogether. The kidney bore two well-circumscribed solid 
masses in the hilum near the upper pole and the lower pole, mea-
suring 4.5 × 3.5 cm and 7.0 × 4.1 cm, respectively. On cross-sec-
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tions, these two large masses were homogeneously yellowish-gray 
in color and firm, with focal areas of hemorrhage and necrosis 
predominantly located in the central portion of the mass. The 
lower pole mass extended to the pelvicalyceal system and the 
Gerota’s fascia. Renal vessels and the left adrenal gland were close 
to this tumor without direct contact. The hilar mass did not seem 
to arise from the renal parenchyma, but rather, it compressed the 
kidney from the outside. It was best considered a metastatic car-
cinoma to a lymph node. 

Microscopically, the tumor was relatively well-defined, com-
posed almost entirely of solid sheets of tumor cells, and separated 
by dense fibrous tissue at most interfaces. It had infiltrative bor-
ders on invasive fronts (Fig. 2A). Areas of necrosis were also pres-
ent (Fig. 2B). Poorly cohesive, uniform round to polygonal epi-
thelioid cells making solid sheets were seen in the main large 
mass on high power view. They had abundant densely eosino-
philic cytoplasm with large eccentric nuclei, commonly known 
as rhabdoid features (Fig. 2C, D); nucleoli were prominent, and 

mitoses were frequently seen. Lymphovascular invasion was pres-
ent. Apart from the main mass, multiple small round nodules 
with papillary architecture were also seen (Fig. 2E, F, H). A 
transitional zone between papillary nodules and the main mass 
was not present on slides. The papillary nodules were considered 
separate lesions consistent with small papillary adenomas. 

Immunohistochemical staining for multiple antigens was done 
to diagnose this tumor with uncommon morphology. Results are 
shown in Table 1. Tumor cells were immunohistochemically pos-
itive for CD10 and focally positive for epithelial membrane an-
tigen, pan-cytokeratin, and vimentin, but negative for cytokeratin 
7 and CD117. They were also negative for immune cell markers 
(such as leukocyte common antigen, CD3, CD20, CD138, and 
CD68) and muscular markers such as actin and desmin. The tu-
mor cells were negative for HMB45 and CD99, ruling out the 
possibility of primitive neuroectodermal tumor/Ewing’s sarco-
ma. Nuclear p53 was focally positive. After intra- and inter-de-
partmental consultation, a diagnosis was made. The pathologic 
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Fig. 1. Radiologic and gross features of the tumor. (A) Axial abdominopelvic computed tomography (CT) scan showing a 6.5-cm-sized het-
erogeneously enhancing exophytic and lobulated mass (arrows) in the lower pole of the left kidney. Mild fat infiltration is seen around the 
mass, and invasion of the Gerota’s fascia is present. (B) Axial CT scan showing a 3.5-cm-sized mass (arrows) with homogeneously low den-
sity in the superior aspect of the left renal hilum. As the tumor compressed the kidney from the exterior, it was interpreted as a necrotic 
lymph node. (C) Coronally reformatted images of CT showing both masses (asterisks). The lower pole mass invaded the abdominal wall (ar-
row). (D, E) Surgical specimen before (D) and after (E) fixation. The kidney bore two well-circumscribed solid masses in the hilum near the 
upper pole and in the lower pole, measuring 4.5 × 3.5 cm and 7.0 × 4.1 cm, respectively. They were homogeneously yellowish-gray in color 
and firm with focal areas of hemorrhage and necrosis.
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diagnosis for the large main mass in the lower pole at the time 
was RCC, unclassified with rhabdoid differentiation. 

A year after the surgery, his follow-up CT scans showed a newly 
visible 6.5-cm-sized irregularly lobulated mass with heteroge-
neous enhancement abutting the left psoas muscle underlying 
the left nephrectomy site (Fig. 3A). This was considered a regional 
recurrence invading the left psoas muscle and the posterior aortic 
wall. After two months, the mass had increased in size. It also 
extended to the right aortic wall. Another operation to reduce the 
burden of this newly-developed mass was performed. The speci-
men sent for examination was a conglomeration of lymph nodes 
measuring 7.5 × 6 × 3.5 cm in size and 86 g in weight (Fig. 3B). 
Cross-sections revealed whitish-tan solid and firm cut surfaces 

with focal necrosis and hemorrhage (Fig. 3C). Microscopic find-
ings were very similar to the previously resected unclassified RCC, 
showing solid sheets of rhabdoid cells effacing lymph nodes dif-
fusely and infiltrating capsules to form a conglomerated mass 
(Fig. 3D–F). The pathologic diagnosis was metastatic carcinoma 
from the unclassified RCC with pericapsular soft tissue extension 
and necrosis.

To treat the remnant mass after the surgery, we referred the pa-
tient to the oncology department, where he was scheduled for 
palliative chemotherapy with temsirolimus. Infusions were given 
every 7 days for 4 weeks, which constituted one cycle. However, 
after the first infusion of the 4th cycle, he was unable to continue 
therapy due to the deterioration of his general condition. Upon 
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Fig. 2. Histologic and immunohistochemical features of the tumor. (A) Microscopically, the tumor was relatively well-defined and separated 
by dense fibrous tissue at most interfaces. (B) Areas of necrosis were present. (C) The tumor was composed almost entirely of solid sheets 
of tumor cells. (D) High power view revealing poorly cohesive uniform round to polygonal epithelioid cells. They had abundant densely eosin-
ophilic cytoplasm with occasional round eosinophilic inclusion and large eccentric nuclei with irregular borders. Nucleoli were prominent. (E, 
F) Multiple small round nodules with papillary architecture were observed irrespective of the main mass. They were positive for cytokeratin 7 
(not shown) and interpreted as papillary adenoma. (G) Tumor cells showing loss of immunoreactivity for integrase interactor 1 (INI-1; 1:100 
dilution). (H) Retained immunoreactivity for INI-1 is shown in the normal renal tubular epithelium and papillary area (upper left) (1:100 dilution).



https://jpatholtm.org/ https://doi.org/10.4132/jptm.2021.01.26

148     •  Han E et al.

cessation, the tumor was aggravated. It had spread to the level 
IV lymph node of the neck and was pathologically confirmed as 
metastatic carcinoma. Unfortunately, after three weeks of pallia-
tive radiation therapy, the patient died. 

In the present case, immunohistochemical staining for INI1 
and genetic/molecular analysis was not performed at the time of 
diagnosis due to technical limitations. However, several studies 
have shown that specific molecular aberration involving switch/
sucrose non-fermentable–related, matrix-associated, actin-depen-
dent regulator of chromatin, subfamily B member 1 (SMARCB1, 
hSNF5/INI1) on chromosome 22, which can be identified by a 
lack of immunohistochemical staining with INI1, is an bio-
marker for malignant rhabdoid tumors [10]. Therefore, addi-
tional immunohistochemical staining and next-generation se-
quencing (NGS) were retrospectively performed to rule out the 
possibility of a malignant rhabdoid tumor. 

We used the Axen cancer panel for NGS that included 535 
SNV/InDel genes and 54 fusion genes. NGS revealed a novel mu-
tation in the SMARCB1 gene on chromosome 22 (c. 1047G > A, 
p.Trp349*). We further performed additional NGS for both 
normal and tumor tissues using a customized panel including 
88 genes developed by our laboratory. The same result was ob-
tained. Allele frequency was 81% in the tumor tissue and 49% 
in the normal tissue. The method for NGS was as follows. DNA 
was quantified using a Qubit 2.0 (Life Technologies, Burlington, 
Canada). Hybridization-based enrichment libraries were pre-

Table 1. Results of immunohistochemical staining for tumor cells

Antigen Result

EMA Focally positive
Pan-cytokeratin Focally positive
Vimentin Focally positive
CD10 Positive
CD99 Negative
CK7 Negative
CD138 Negative
CD68 Negative
Leukocyte common antigen Negative
CD3 Negative
CD20 Negative
Actin Negative
Desmin Negative
CD117 Negative
HMB-45 Negative
P53 Focally positive

EMA, epithelial membrane antigen; CK7, cytokeratin 7; HMB-45, human 
melanoma black 45.

Fig. 3. Radiologic, gross, and histologic features of the newly-developed mass. (A) Follow-up axial abdominopelvic computed tomography 
scan a year after the surgery, revealing a newly visible 6.5-cm-sized heterogeneous enhancing lobulated mass (arrow) in the anterior aspect 
of the left psoas muscle underlying the left nephrectomy site, extending to the posterior aspect of the infrarenal abdominal aorta. Thus, aortic 
invasion was suspected. It was considered a recurrent tumor in the lymph nodes. (B) The specimen sent for examination was a conglomera-
tion of lymph nodes (7.5 × 6 × 3.5 cm). (C) Whitish-tan solid and firm cut surfaces with areas of focal necrosis and hemorrhage were seen. (D) 
Solid sheets of tumor cells diffusely effacing lymph nodes and area of necrosis were seen. (E) Lymphoid tissue (upper left) and poorly cohe-
sive round to polygonal tumor cells are shown. (F) Tumor cells had eosinophilic cytoplasm with occasional round eosinophilic inclusion and 
large eccentric nuclei with prominent nucleoli, resembling the former tumor from the kidney. 
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pared using a SureSelectXT Target Enrichment System for Illu-
mina Paired-End Sequencing Library (Agilent Technologies, Palo 
Alto, CA, USA), following the manufacturer’s protocol. Briefly, 
200 ng of genomic DNA was fragmented, denatured, and hy-
bridized with capture oligos during library preparation for high-
throughput sequencing. Captured sequences were then enriched 
with streptavidin-conjugated paramagnetic beads and further 
amplified before being subjected to Illumina sequencing. Frag-
ment sizes for all libraries were measured using a 2100 Bioana-
lyzer (Agilent Technologies). Then, qPCR was performed with 
a LightCycler 480 System (Roche Diagnostics, Indianapolis, IN, 
USA) using a Kapa library quantification kit (KK4854, KAPA 
Biosystems, Wilmington, MA, USA). Sequencing was performed 
using an Illumina NextSeq500 platform with an average read 
length of 2 × 150 bp per the manufacturer’s instructions.   

Tumor cells showed a loss of INI1 expression (Fig. 2G). It is 
known that renal medullary carcinoma can also be entirely solid 
with sheet-like architecture or with exclusively rhabdoid mor-
phology. It has also been reported that renal medullary carcinoma 
with rhabdoid features shows the absence of INI1 expression [11]. 
However, the tumor showed no immunohistochemical staining 
for PAX8 and PAX2, suggesting it was not from a renal epithe-
lial origin. From a retrospective point of view, all morphologic, 
immunohistochemical, and molecular findings were sufficient 
for the diagnosis of MRT of the kidney. Our revised diagnosis 
of this tumor was MRT of the kidney. The bad prognosis of this 
patient was compatible with that seen in this tumor group. 

DISCUSSION

NGS identified a novel nonsense mutation, c.1047G > A in 
exon 8/9 of the SMARCB1 gene, caused by p.Trp349*. This 
mutation halted the translation of the INI1 protein, a hallmark 
of MRT. Rhabdoid cells were first described by Gokden et al. 
[12] in the adult kidney. Rhabdoid cells have been described as 
variably cohesive epithelioid cells with eccentrically located ve-
sicular nuclei with prominent nucleoli. Large intracytoplasmic 
eosinophilic hyaline globules are their characteristics. They re-
semble rhabdomyoblasts but differ from rhabdomyoblasts in that 
they do not show rhabdomyoblastic differentiation immunohis-
tochemically or ultrastructurally [12]. MRT occurs mainly in 
the kidney of children less than 1 year of age. It is rare and has 
an aggressive clinical course [1]. Renal MRT was originally de-
scribed as a ‘‘rhabdomyosarcomatoid variant of Wilms tumor’’ by 
Beckwith and Palmer [13] in 1978. However, after Versteege et 
al. [14] demonstrated potentially inactivating mutations or de-

letions of both alleles of the INI1 gene in almost all renal and 
pure extrarenal MRTs, they were regarded as a distinct entity 
with a specific molecular pathogenesis. The deletion of 22q11.2 
and the mutation of hSNF5/INI1, encoding a chromatin-remod-
eling protein with the potential to alter global transcription pat-
terns, are strongly associated with the development of a rhabdoid 
tumor phenotype [14,15]. 

One unique aspect of the present case was the presentation of 
a rhabdoid tumor of the kidney in an adult. Until recently, only 
a few cases have been reported on a pure rhabdoid tumor of the 
kidney in adults. In one study, germline mutation of hSNF5/INI1 
in humans and its deletion in knock-out mice resulted in rhab-
doid tumors developing at an early age [15]. Shannon et al. [16] 
have mentioned that this might be why pure rhabdoid tumors 
of the kidney are seldom reported in adults. Their study found 
identical VHL mutations in both clear cell and rhabdoid com-
ponents of composite tumors in two patients. They argued that 
some rhabdoid tumors might arise from clear cell RCCs. They 
also mentioned the possibility of a sporadic biallelic inactivation 
of the gene(s) involved in the development of a rhabdoid pheno-
type taking place in genetically unstable tumor cells of a preex-
isting neoplasm [16]. If that is the case, a continuum might exist 
between an RCC with rhabdoid features and MRT of the kidney. 
As molecular and genetic studies were not done for the rhabdoid 
tumor cases of the aforementioned study, immunohistochemical 
staining for INI1 and genetic testing for the SMARCB1/INI1 
gene should be performed for more cases of RCCs with rhabdoid 
features and malignant rhabdoid tumors of the kidney of adults 
to prove the diagnosis. 

To obtain papers on MRT of the adult kidney, we searched 
for previously published case reports in PubMed. Among the 
results, we found eight case reports of pure MRT of the native 
kidney arising in an adult patient that was written in English 
[2-9]. Clinicopathologic characteristics of the cases are summa-
rized in Tables 2 and 3 [2-9]. Age at diagnosis ranged from 32 to 
79 years, and sex predominance was not noted. Two cases occurred 
in Asians, and five cases were presented in Caucasians. The race 
of the patient in the remaining case report was not recorded. 
Their initial symptoms were either related to the mass effect or 
metastasis. The maximal dimension of the mass varied from 3.5 
to 12 cm. All cases except three underwent radical nephrectomy. 
Most of them showed bad outcomes. One case with pulmonary 
metastasis was treated with interleukin-2 (IL-2) therapy and 
showed an exceptionally better outcome than others. In another 
case, chemotherapy, including IL-2, failed [4,5]. Common patho-
logic findings were as follows. First, they showed solid sheets of 
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non-cohesive cells with eccentric nuclei and large round eosino-
philic cytoplasmic inclusion-like structures. Second, for cases that 
included an assessment of ultrastructure, large cytoplasmic whorls 
of intermediate filaments were present. Third, tumor cells were 
consistently immunohistochemically reactive for vimentin, either 
focally or diffusely, while they variably expressed cytokeratin and 
epithelial membrane antigen. These morphological, immunohis-
tochemical, and clinical findings were consistent with previous-
ly described characteristics of MRT of the kidney by Wick et al. 
[17]. However, molecular or genetic investigation concerning the 
SMARCB1 gene was not performed for any of the patients. Im-
munohistochemical staining for INI1 was performed for only one 
patient. 

Pediatric rhabdoid tumor of the kidney has been regarded as 
a distinct neoplasm, whereas rhabdoid differentiation in adult 
RCC is usually found in association with conventional (clear cell) 
tumors, from which it is thought to evolve [16]. In a retrospec-
tive analysis of 480 renal tumors conducted by Gokden et al. 
[12], 23 RCCs with rhabdoid features were found, all of which 

had at least 50% of the non-rhabdoid carcinoma components 
described as conventional (clear cell) RCC. The rhabdoid com-
ponent was assumed to have arisen from the conventional RCC 
area [12]. Shannon et al. [16], on the other hand, reported 5 RCCs 
with rhabdoid differentiation, with three of them being compos-
ite tumors and two of them having rhabdoid elements only (which 
they called pure rhabdoid tumors). Several authors have described 
that loss of INI1 is helpful to differentiate MRT from other com-
posite tumors, including primary renal neoplasms with rhabdoid 
differentiation where the expression of INI1 is retained [12,18,19]. 

Consistent with the role of SMARCB1 as a tumor suppressor 
gene, tumors can arise following the inactivation of both SMARCB1 
alleles. While the majority of tumors are histologically classified 
as rhabdoid tumors, the loss of SMARCB1 expression has also 
been observed in other tumors, including epithelioid sarcoma, 
renal medullary carcinoma, undifferentiated pediatric sarcomas, 
and a subset of hepatoblastomas. It has been previously estimated 
that 15% to 20% of all rhabdoid tumors are caused by germline 
mutations of SMARCB1.

Table 3. Pathologic features of malignant rhabdoid tumors of the kidney in adults reported in the literature

Study Year Gross feature Extension/Metastasis IHC

Lowe et al. [2] 1990 Poorly demarcated, solid,  
  hemorrhagic

Extended beyond Gerota’s fascia  
   densely adherent to the duodenum  
and the colon

Keratin (AE1/AE3), vimentin: (+)
EMA: focally (+)
Desmin, myoglobin, muscle-type actin: (–)

Clausen et al. [3] 1994 NA NA NA
Ebbinghaus  
  et al. [4]

1995 Only biopsy done Multiple metastasis to bilateral lungs Vimentin: focally (+)
Desmin, S-100 protein or HMB-45 (–)
CK: weak (+)

Peng et al. [5] 2003 White to grayish tan  
   and flesh, focal areas of  
necrosis

Invaded renal pelvis, calyces, the  
   perihilar and perirenal adipose tissue,  
extended to the capsule,  
enlarged hilar lymph node

Vimentin: diffuse (+)
EMA, NSE, S-100: focal (+)
p53: focal nuclear (+)
Keratin (AE1/AE3, CAM5.2, CK7, and CK20): (–)
CEA, SMA, myoglobin, light chains, HMB-45, MART-1: (–)
Mucin: (–)
Lymphoma markers: (–)
Ki-67 (MIB-1): > 95%

Zhao et al. [6] 2013 White to gray with a fleshy  
   texture, focal areas of  
necrosis and hemorrhage

Focal invasion into capsule,  
   retroperitoneal and left costophrenic  
angle lymph node metastases,  
metastasis to left lung

Vimentin: diffusely (+)
NSE, S-100, EMA: focally (+)
Pancytokeratin, CK7, myoglobin, desmin, MSA, and SMA: (–)

Podduturi  
  et al. [7]

2014 Poorly circumscribed, soft  
   tan lesion, numerous  
tan-gray nodules within  
perinephric and renal sinus

Extended from the hilum to the cortex,  
  metastasis to bilateral lungs

Vimentin, pan-CK: strong (+)
Desmin, myoglobin, S-100, melanoma cocktail, TTF-1, CK7,  
   CK20, CDX2, PAX8, CD31, CD34, factor VIII, CD30, CD45: (–)
INI-1: (–)

Okumura  
  et al. [8]

2019 Only biopsy done Multiple metastatic bone and lymph  
  node lesions

Vimentin, EMA, CAM5.2, p53: (+)
CK, CD10: focally (+)
INI1, CK7, CK20, AMACR, S100, CD45, RCC marker, ALK,  
  α-SMA, desmin, MyoD, myogenin, HMB45, melan A: (–)

Ayari et al. [9] 2019 Only biopsy done Voluminous lymph nodes along the  
   paraaortic region, compressing the  
inferior vena cava

Vimentin: strongly (+)
Myoglobin, desmin, SMA: (–)

IHC, immunohistochemistry; EMA, epithelial membrane antigen; NA, not applicable; HMB-45, human melanoma black 45; CK, cytokeratin; NSE, neuron-spe-
cific enolase; CEA, carcinoembryonic antigen; SMA, smooth muscle actin; MSA, muscle specific actin; TTF-1, thyroid transcription factor-1; INI-1, integrase 
interactor 1; AMACR, α-methylacyl-CoA racemase; RCC, renal cell carcinoma; ALK, anaplastic lymphoma kinase; 
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Although the present case’s initial diagnosis was undifferenti-
ated RCC with rhabdoid features, there was a difference between 
this case and previously published cases of RCC with rhabdoid 
features. Unlike previously reported cases, the present case did 
not have any area with features of conventional RCC. There was 
no transition zone between the undifferentiated rhabdoid area 
and the classical RCC area, usually seen in RCC with rhabdoid 
features [12]. In practice, however, the rhabdoid area of RCC in 
adults is frequently viewed as a dedifferentiated area rather than 
raising the possibility for a diagnosis of malignant rhabdoid RCC. 
Indeed, some authors in the past have argued that pure extrare-
nal MRT in older patients might merely be poorly differentiated 
neoplasms with pseudo-rhabdoid features [20]. In addition, MRT 
of the kidney has been reported only in a limited number of adults 
at present, while more reports have discussed RCC with rhabdoid 
features. Furthermore, a small RCC component might have been 
missed during sampling. These altogether led to a faulty diag-
nosis of undifferentiated RCC with rhabdoid features. 

In the present case, all morphologic, immunohistochemical, 
and molecular findings supported an MRT of the kidney. To the 
best of our knowledge, the present case is the first reported case 
of MRT of the native kidney in an adult, demonstrating both the 
loss of INI1 expression and the mutation of the SMARCB1 gene. 
This case points out again that MRT should no longer be con-
sidered merely a childhood tumor entity but rather a tumor that 
can also develop in adults. As a result, when an undifferentiated 
area with rhabdoid morphology is found in an adult tumor, one 
should initially look for areas showing classical morphological 
features of tumors that commonly arise in the affected organ. If 
these features are found, the transition zone between the two ar-
eas would be helpful to determine whether the rhabdoid area is 
the dedifferentiated area of the original tumor. If not found, ad-
ditional sampling of the tumor with thorough inspection might 
be needed. When it comes to the conclusion that the tumor con-
sists entirely of rhabdoid cells, immunohistochemical staining 
for INI1 and molecular or genetic investigation of the SMARCB1/
INI1 gene on chromosome 22 could be helpful to diagnose an 
MRT in an adult. 
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Hepatocellular adenomas (HCAs) are benign hepatocellular 
neoplasms with distinct molecular subtypes [1,2]. Hepatocyte 
nuclear factor 1A (HNF1A)–inactivated hepatocellular adenoma 
(H-HCA) occupies about 35% of all HCAs [1,2]. H-HCA dem-
onstrates somatic (90%) or germline (10%) inactivating muta-
tions of HNF1A gene, which encodes a transcription factor 
involved in several metabolic pathways of hepatocytes, and 
inactivation of HNF1A promotes lipogenesis [3]. Clinically, H-
HCAs occur predominantly in females, are frequently associated 
with oral contraceptives, and a subset of H-HCA with germline 
HNF1A mutations is associated with maturity-onset diabetes 
type 3 (MODY3). Morphologically, H-HCAs frequently show 
steatosis and loss of liver fatty acid-binding protein (LFABP) ex-
pression in the tumor cells [1,2]. 

Here, we report a rare case of a young male patient with mul-
tiple H-HCAs in a background of congenital hepatic fibrosis 
(CHF).

CASE REPORT

A 25-year-old man was admitted to the hospital for liver 
transplantation for multiple hepatic masses that were inciden-
tally discovered by imaging. He had previously been diagnosed 
with CHF on liver biopsy 14 years ago, and had received tran-
sjugular intrahepatic portosystemic shunt for portal hyperten-
sion at that time. He had no history of metabolic syndrome, al-

cohol intake or prior intake of androgens and his body mass 
index was 25.2 kg/m2. There was no evidence of other abnor-
malities associated with CHF, and there was no remarkable fam-
ily history. Preoperative liver function tests were as follows: as-
partate aminotransferase 35 U/L, alanine aminotransferase 29 
U/L, gamma-glutamyl transferase 19 U/L, alkaline phosphatase 
79 U/L, total bilirubin 4.2 mg/dL, and direct bilirubin 1.3 mg/dL. 
Serological tests for hepatitis B and C virus were negative. On 
computed tomography, there were multiple fat-containing nod-
ules in both hepatic lobes. 

The liver weighed 1,242 g, and sections revealed nine discrete 
tan-to-yellow nodules in both lobes, measuring 9.5 × 6.5 × 7.5 cm 
in the largest one. The background liver was firm with a reticu-
lar appearance (Fig. 1). On microscopic examination, the back-
ground liver showed the typical histological features of CHF: 
broad fibrous bands rimmed by small bile ductular structures 
with ductal plate malformation patterns (Fig. 1). The patholog-
ical findings of the nine nodules are summarized in Table 1 and 
Figs. 2 and 3. Six nodules were diagnosed as H-HCAs and the 
three smaller nodules as large regenerative nodule (LRN) or fo-
cal nodular hyperplasia (FNH)-like nodules, based on the histo-
pathological and immunohistochemical characteristics. Notably, 
although LFABP loss was seen in all six H-HCAs, nodules #1, 
#2, and #9 showed only patchy mild steatosis, and nodules #1 
and #2 also demonstrated focal peliosis and mild ductular reac-
tion. The remaining 4 H-HCAs demonstrated diffuse steatosis. 
On follow-up, the patient is currently well without evidence of 
recurrence. 

DISCUSSION

To our knowledge, this is the second reported case of H-

Multiple hepatocyte nuclear factor 1A (HNF1A)-inactivated hepatocellular 
adenomas arising in a background of congenital hepatic fibrosis

Yangkyu Lee1, Hyunjin Park2, Kyoungbun Lee3, Youngeun Lee3, Kiryang Lee3, Haeryoung Kim3

1Department of Pathology, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam;  
2Department of Pathology, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul;  

3Department of Pathology, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, Korea

BRIEF CASE REPORT
Journal of Pathology and Translational Medicine 2021; 55: 154-158
https://doi.org/10.4132/jptm.2020.11.12

Received: September 15, 2020  Revised: November 9, 2020
Accepted: November 12, 2020

Corresponding Author: Haeryoung Kim, MD, PhD
Department of Pathology, Seoul National University Hospital, Seoul National University 
College of Medicine, 103 Daehak-ro, Jongno-gu, Seoul 03080, Korea
Tel: +82-2-740-8322, Fax: +82-2-765-5600, E-mail: haeryoung.kim@snu.ac.kr



https://jpatholtm.org/https://doi.org/10.4132/jptm.2020.11.12

HNF1A-inactivated hepatocellular adenoma  •     155

HCA arising in a background of CHF. Hepatocellular nodules, 
including FNH and FNH-like nodules, HCAs and even hepa-
tocellular carcinomas (HCCs), have been demonstrated to occur 
in the setting of hepatic vascular abnormalities, such as Budd-
Chiari syndrome and congenital extrahepatic portosystemic 

shunts [4-8]. While CHF belongs to a group of fibropolycystic 
diseases of the liver that affects the biliary system, portal hyper-
tension dominates the clinical presentation of this disease, as the 
number of portal vein branches is often reduced [9]. Treatment 
of CHF with portosystemic shunt surgery may also add to the 

Table 1. Summary of the pathological features of the hepatic nodules in this case

No.
Location 
(segment)

Size (cm) Diagnosis Histopathological feature Immunohistochemical stain result

1 S7 9.5 H-HCA Patchy steatosis, focal peliosis, 
  bile ductules

LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

2 S6 6.6 H-HCA Patchy steatosis, focal peliosis, 
  bile ductules

LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

3 S1 3.5 H-HCA Diffuse steatosis LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

4 S4 4.5 H-HCA Diffuse steatosis LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

5 S4 1.0 LRN Fibrous septa with bile ductules No LFABP loss, focal SAA/CRP expression, GS negative, 
  membranous β-catenin

6 S4 1.0 FNH-like nodule Fibrous septa with bile ductules No LFABP loss, focal SAA/CRP expression, patchy GS 
  expression, membranous β-catenin

7 S2 9.5 H-HCA Diffuse steatosis LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

8 S2 0.9 FNH-like nodule Fibrous septa with bile ductules No LFABP loss, focal SAA/CRP expression, patchy GS 
  expression, membranous β-catenin

9 S6 1.6 H-HCA Focal mild steatosis LFABP loss, SAA/CRP/GS negative, membranous β-catenin 
  expression

H-HCA, Hepatocyte nuclear factor 1A–inactivated hepatocellular adenoma; LFABP, liver fatty acid-binding protein; SAA, serum amyloid A; CRP, C-reactive 
peptide; GS, glutamine synthetase; LRN, large regenerative nodule; FNH-like nodule, focal nodular hyperplasia-like nodule.

A

D E

C

B

Fig. 1. (A–C) Gross findings. (A) The explanted liver is distorted in shape due to the multiple bulging masses. (B) A representative section re-
veals three lobulated nodules (arrowheads). The nodules are lobulated, well-demarcated but non-encapsulated, with focal hemorrhage and 
peliosis. (C) On microscopy, the background liver shows broad fibrous bands lined by ductular structures with ductal plate malformation pat-
tern and inspissated bile. (D) Masson’s trichrome stain reveals the jigsaw-puzzle pattern biliary fibrosis. (E) Cytokeratin 7 immunostain high-
lights the ductular structures at the interface between the fibrous bands and the hepatic lobules.
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abnormal heterogeneous vascularity in the parenchyme [10]. As 
a result, the uneven hepatic perfusion may give rise to the forma-
tion of hepatocellular nodules. However, although this vascular 
concept explains the pathogenesis of reactive hyperplastic hepa-
tocellular nodules such as FNH and LRN/FNH-like nodules, the 
relationship between this vascular abnormality and the occur-
rence of neoplastic hepatocellular nodules is still not well under-
stood. Indeed, the neoplastic nature of smaller hepatocellular nod-
ules resembling HCAs (previously referred to as “adenoma-like” 
nodules or adenomatous hyperplasia) arising in vascular disorders 
have been questioned, due to the morphological overlap with 
LRNs and FNH-like nodules and their frequent co-existence 
within the same liver [4]. However, as the molecular classifica-
tion of HCAs has been better characterized over the past decade, 
immunohistochemical stains have facilitated the diagnosis of 
HCAs [7]. Interestingly, Sempoux et al. [7] described three cases 
of H-HCAs arising in backgrounds of hepatic vascular disorders 

which were either associated with HCCs or contained atypical 
foci. This is a notable finding as it implies that H-HCAs associ-
ated with vascular disorders may be at increased risk of malignant 
transformation, in contrast to those arising in “conventional” set-
tings (e.g., females, oral contraceptives, MODY3, etc) [2]. Anoth-
er interesting finding is that H-HCAs in the context of hepatic 
vascular disorders often demonstrated a lack of intratumoral 
steatosis, which differs from the characteristic histology (diffuse 
steatosis) of typical H-HCAs [7]. Indeed, in our case, three H-
HCAs demonstrated only focal mild steatosis, and the diagnosis 
was rendered based on the loss of LFABP expression. 

Although further validation would be required, the identifi-
cation of nodular lesions on imaging in the liver of patients with 
CHF or hepatic vascular disorders may warrant histological ex-
amination to rule out the possibility of HCCs or HCAs. In addi-
tion, H-HCAs arising in the context of hepatic vascular disorders 
may not be associated with the typical clinicopathological fea-

A

D

B

E

C

F

Fig. 2. The histopathological and immunohistochemical features of this case. (A) Scanning power view demonstrates a well-demarcated and 
non-encapsulated solid mass (lower right). (B) The peripheral portion of the tumor shows patchy macrovesicular steatosis. (C) Loss of liver 
fatty acid-binding protein expression is seen in the tumor (T, tumor; NT, non-tumor). (D) Higher power magnification of the hepatocellular ad-
enoma, demonstrating the patchy macrovesicular steatosis and unpaired arteries. (E) No significant cytoarchitectural atypia is present. The 
central portion of nodule #1 demonstrates focal sinusoidal dilatation with congestion and peliosis. (F) A few pseudoportal tracts are seen in 
nodule #1, containing clusters of bile ductules.
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tures, such as steatosis and low risk of malignant transformation.
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PathologyOutlines.com is pleased to collaborate with JPTM to 
publish its What’s New in Pathology newsletter, written by our 
Editorial Board to provide updated subspecialty information.

Dr. Pernick started the website in August 2001 by writing 
the Thyroid chapter in Microsoft Word while at a family camp, 
using his residency and fellowship notes, textbooks and other 
references. The underlying idea was that pathologists anywhere 
should be able to find the information they need, fast and free, 
and not rely on print references which may be outdated, in an-
other location or available only for a fee.

Today, in our 20th year, our textbook of 5000 topics is main-
tained by 17 employees, our Editorial Board (Fig. 1) and 300+ 
active authors. The Editor-in-Chief (Dr. Debra Zynger) and 
Deputy Editors determine the textbook content, which focuses 
on entities likely to be encountered by practicing anatomic and 
clinical pathologists. Authors are staff pathologists who have 
published at least five non-case report journal articles about 
their subspecialty in the past 15 years and meet our other quali-
fications. Authors are assigned topics based on their publication 
history, using templates and guidelines similar to those in jour-
nals. All topics go through a peer review process.

In contrast to books and journals, topics on PathologyOutlines.
com use bullets and are updated regularly. Sections include essen-
tial features of the topic, abundant high quality photomicrographs 
complete with captions and legends contributed by authors, a 
sample pathology report, detailed differential diagnoses and 
board review style questions. A recently written topic is Ovarian 
serous borderline tumor by Drs. Sharma and Lastra [1].

We also provide:
-  Case of the Month with diagnostic microscopic images and 

a short but useful discussion; cases are also compiled by 
subspecialty.

-  Books for pathologists with recommendations and various 
search criteria

-  Jobs and Conference listings for pathologists with dynamic 
graphs. We recently published a summary of job trends in 
the US job market [2].

-  A compilation of over 1600 Board review style questions, 
sorted by subspecialty.

-  Libraries of educational information from advertisers, avail-
able 24/7/365, as well as Banners and E-blasts for informa-
tion useful to pathologists.

Dr. Pernick, the founder and owner, is an AP/CP pathologist 
who has worked with computers since 1970, practiced law for 
20 years and has owned many businesses. His philosophy is an 
important part of the business:

-  The website should be fast, free and easy to use.
-  The needs of pathologists are our top priority.
-  We aim for exceptional treatment of employees, visitors and 

advertisers.
-  We make charitable contributions a major part of our busi-

ness. Currently, we sponsor a pandemic music relief program 
(https://www.pathologyoutlines.com/musicaward.html).

-  We are always open to ideas on how to make the website 
more useful to pathologists. We also welcome ideas on how 
to use the worldwide network of pathologists connected 
through PathologyOutlines.com to help our profession and 
humanity.
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Fig. 1. Editorial Board of PathologyOutlines.com (March 2021).
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mal carcinomas have been associated with 
worse progression-free and overall survival 
compared to HPV-associated carcinomas as well 
as p16 negative / p53 normal carcinomas.

•  HPV-associated squamous intraepithelial 
lesions (formerly known as vulvar intraepithe-
lial neoplasia of the usual / classic type) repre-
sent the majority (90%) of precursors. They are 
referred to as low-grade (LSIL, equivalent to 
uVIN1) and high-grade (HSIL, equivalent to 
uVIN2 and uVIN3).

   -  HSIL is characterized by p16 overexpression 
and wild-type p53 (with strong staining in 
mid-epithelial layers and negative or patchy 
basal / parabasal staining).

•  The most common HPV-independent lesion is 
differentiated vulvar intraepithelial neoplasia 
(dVIN). Its presumed rapid progression to 
invasive carcinoma and the difficulties in its 
diagnosis likely explain why dVIN represents 
only <10% of squamous intraepithelial lesions.

   -  dVIN is characterized by negative or patchy 
p16 and mutant-type p53 expression (the 
latter could be full-thickness strong, basal 
strong, completely negative or cytoplasmic 
staining).

•  Another, far less common form of HPV-inde-
pendent lesion is the now called differentiated 
exophytic vulvar intraepithelial lesion 
(DE-VIL). This lesion demonstrates verruci-
form acanthosis, hypogranulosis and cytoplas-
mic pallor (Figure 1). Unlike HSIL and dVIN, 
DE-VIL lacks cytologic atypia.
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The 5th edition of the World Health Organiza-
tion of Tumours of Female Reproductive Organs 
was published in 2020. This is a compilation of 
the most important changes in the vulva, cervix 
and uterus.

VULVA

•  Squamous intraepithelial lesions and squamous 
cell carcinomas are now classified as HPV-asso-
ciated and HPV-independent.

•  p16 overexpression is a reliable surrogate 
marker of HPV infection. A second marker 
with prognostic utility is p53. Thus, squamous 
neoplasms are now classified in three main 
groups: p16 overexpressed / p53 normal, p16 
negative / p53 abnormal and p16 negative / 
p53 normal.

•  HPV-independent (p16 negative), p53 abnor-
Fig. 1. Differentiated exophytic vulvar intraepithelial 
lesion (DE-VIL).

   -  DE-VIL has been associated with p16 
negative / p53 normal carcinomas, including 
verrucous and conventional squamous cell 
carcinoma.

    -  DE-VIL is characterized by negative or 
patchy p16 and wild-type p53 (heteroge-
neous staining).

CERVIX

•  Carcinomas in both squamous and glandular 
categories are now classified as HPV-associat-
ed and HPV-independent.

•  More than 90% of squamous cell carcinomas of 
the cervix are secondary to HPV infection. 
There is emerging evidence showing that the 
HPV-independent subgroup (~7%) has worse 
outcome.

•  There are currently no morphologic clues to 
distinguish between HPV-associated and 
HPV-independent squamous cell carcinomas.

•  Adenocarcinoma in-situ also now has two 
recognized categories: HPV-associated (fre-
quently referred to as “usual”) and HPV-
independent. Currently, only gastric-type AIS 
and atypical lobular endocervical glandular 
hyperplasia belong to the latter category. They 
feature foamy clear to eosinophilic mucinous 
cytoplasm, distinct cell borders, nuclear atypia 
and intraglandular growth (tufting, micropap-
illary, cribriform) (Figure 2).

•  HPV-independent adenocarcinomas, in particu-
lar gastric-type adenocarcinoma, have worse 
clinical behavior than HPV-associated adeno-

Fig. 2. Adenocarcinoma in situ, gastric type. 

What’s new in gynecologic pathology 2021: vulva, cervix, and uterus
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    -  Mesonephric-like carcinoma is characterized 
by a variety of architectural patterns, focal 
intraluminal eosinophilic secretions and 
nuclei resembling papillary thyroid carci-
noma with mild to moderate atypia (Figure 
3). They are often GATA-3, TTF-1, cal-
retinin, and CD10 (luminal) positive, with 
ER negative or at most focally positive. Many 
harbor KRAS mutations and gain of chromo-
some 1q.

    -  Gastrointestinal-type mucinous carcinoma is 
composed of mucin-secreting glands (+/- 
goblet cells) with low-grade atypia and may 
be mismatch repair protein-deficient.

•  Carcinosarcoma is now considered a 
subtype of endometrial carcinoma rather 
than a mixed epithelial and mesenchymal 
tumor.

UTERUS-MESENCHYMAL

•  Fumarate hydratase-deficient leiomyoma 
has been added as a subtype of leiomyoma 
and is characterized by staghorn vessels, 
alveolar-pattern edema, scattered bizarre nuclei, 
ovoid nuclei sometimes arranged in chains, 
eosinophilic cytoplasmic (rhabdoid) inclusions 
and prominent eosinophilic nucleoli surround-
ed by perinucleolar halos (Figure 4). It may 
harbor somatic or germline fumarate 
hydratase mutations, the latter being 
diagnostic of hereditary leiomyomatosis 
and renal cell carcinoma (HLRCC) syn-
drome.

•  Specific diagnostic criteria for myxoid leiomyo-
sarcoma are proposed: presence of any cytologi-
cal atypia, tumor cell necrosis or > 1 mitoses/10 
HPF.

•  IFITM1 has been included as a novel immuno-
histochemical stain that is often strongly and 
diffusely positive in endometrial stromal 
nodules and low-grade endometrial stromal 
sarcomas.

•  Novel subtypes of high-grade endometrial 
stromal sarcoma include those with BCOR 
alterations (ZC3H7B-BCOR fusions or 
BCOR internal tandem duplication), which 
have a morphology overlapping with other 
myxoid mesenchymal neoplasms. 

    -  ZC3H7B-BCOR sarcomas are positive for 
cyclin D1, CD10 and BCOR (~50%), with 
variable ER/PR.

    -  BCOR internal tandem duplication sarcomas 
are positive for cyclin D1 and BCOR, 
variably express CD10 and desmin, and are 
negative for ER, PR, SMA and caldesmon.

•  Molecular alterations for uterine tumor 
resembling ovarian sex cord tumor 
(UTROSCT) include NCOA1-3, ESR1 or 
GREB1 fusions.

•  Modified gynecologic-specific criteria for 
predicting PEComa behavior with elimination 
of the “benign” category are proposed.

•  Inflammatory myofibroblastic tumor has been 
added as a distinct entity and a subset with 
malignant behavior is recognized. The most 
common ALK fusion partners include IGFBP5, 
THBS1 and TIMP3. 

•  NTRK-rearranged spindle cell neoplasm is 
a novel low-grade sarcoma most common 
in the cervix. It is positive for S100, CD34 
and TRK, negative for ER, PR, CD10, SMA 
and desmin, and harbors NTRK fusions.
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Fig. 3. Mesonephric-like endometrial carcinoma.

Fig. 4. Fumarate hydratase deficient leiomyoma. 

carcinomas.
•  HPV-associated endocervical adenocarci-

nomas represent 85-90% of all adenocarcino-
mas. Their histologic hallmark is the presence 
of conspicuous apical mitoses and apoptosis.

    -  They are characterized by p16 overexpression 
(strong and diffuse, nuclear and cytoplasmic 
staining), normal p53 staining and negative 
to weak ER/PR staining.

    -  The usual subtype is the most common, 
defined as having < 50% of cells with 
intracytoplasmic mucin, with the remaining 
having non-mucinous cytoplasm.

    -  The mucinous subtype, defined as having > 
50% cells with intracytoplasmic mucin, can 
feature endocervical-type mucinous epithe-
lium or intestinal-type epithelium.

    -  Invasive stratified mucin-producing carci-
noma is a novel subtype, characterized by 
solid nests of multilayered mucinous epithe-
lium resembling stratified mucin-producing 
intraepithelial lesion (SMILE). This subtype 
appears to have a worse outcome compared to 
other HPV-associated subtypes.

•  Gastric-type adenocarcinoma represents the 
most common type of HPV-independent 
adenocarcinoma (~10% of all adenocarcino-
mas). It includes the formerly called minimal-
deviation adenocarcinoma / adenoma malig-
num.

    -  It features epithelium with foamy clear to 
eosinophilic mucinous cytoplasm and 
prominent cell borders.

    -  It is negative for hormone receptors, but often 
expresses HIK1083 (a marker of pyloric-type 
epithelium). p53 can show mutant-type 
expression, and p16 can be strong and diffuse.

•  Other recognized types of HPV-independent 
adenocarcinoma are clear cell and mesonephric. 
Endometrioid and serous carcinomas of the 
cervix are exceedingly rare, and their diagnosis 
requires first exclusion of an endometrial and 
tubo-ovarian primary. 

UTERUS-EPITHELIAL

•  An algorithm for applying The Cancer Genome 
Atlas (TCGA) classification system (POLE-
mutated, microsatellite instable, copy number low 
and copy number high/TP53-mutated) is 
provided. Surrogate markers for molecularly 
classifying endometrial carcinomas include 
targeted POLE sequencing, and MSH6, PMS2 
and p53 immunohistochemistry.

•  Molecular features in serous carcinomas 
have been updated to include ERBB2 
(HER2) amplification in 30% of tumors; 
such patients have been shown to benefit from 
trastuzumab therapy.

•  The category of mucinous carcinoma, 
defined by mucinous cells involving > 50% 
of the tumor, has been eliminated.

•  Novel subtypes of endometrial carcinoma 
including mesonephric-like carcinoma and 
gastric (gastrointestinal)-type mucinous 
carcinoma have been added. 
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