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The majority of urothelial neoplasms has an exophytic growth 
pattern, yet some show an inverted architecture [1-3]. A system-
atic approach to classification of inverted/endophytic urothelial 
lesions was made in 2012 by the International Consultation on 
Urologic Disease (ICUD). According to the existing World Health 
Organization (WHO)/International Society of Urologic Pathol-
ogy (ISUP) system criteria for exophytic papillary neoplasms and 
on the basis of the presence and degree of atypia (including assess-
ment of polarity), inverted neoplasms are graded as (1) inverted 
papilloma (IP), (2) inverted papillary urothelial neoplasm of low 
malignant potential (PUNLMP), (3) inverted papillary urothe-
lial carcinoma (PUC), (4) low-grade, non-invasive, inverted PUC, 
(5) high-grade, non-invasive, inverted PUC, or (6) high-grade, 
invasive [4]. Due to the frequent occurrence of both exophytic 
and endophytic patterns in the same urothelial lesion, such ter-
minology should apply only to malignant lesions with promi-

nent inverted architecture [5]. However, this approach has been 
criticized for not considering other architectural and cytological 
features, namely presence of exophytic papillary structures, type 
of endophytic pattern (i.e., nests and trabeculae), number of cel-
lular layers, and mitotic index [2,5].

Urothelial carcinoma (UC) with an inverted growth pattern 
(UC-IGP) is a malignant entity within this spectrum of lesions. 
Findings from the literature point out that these lesions carry pe-
culiar histological and molecular features; however, issues in dif-
ferential diagnosis can arise and affect the possibility of a proper 
diagnosis and subsequent adequate treatment. The aim of this 
review is to provide a comprehensive overview of the morpho-
logical and immunophenotypical aspects of UC-IGP. Moreover, 
we discuss the molecular evidence shedding light on the putative 
pathogenesis of this disease related to urothelial carcinogenesis.

Distinctive morphological and molecular features of urothelial carcinoma 
with an inverted growth pattern

Francesca Sanguedolce1, Beppe Calò2, Marco Chirico3, Ugo Falagario3, Gian Maria Busetto3, Magda Zanelli4, 
Alessandra Bisagni4, Maurizio Zizzo5,6, Stefano Ascani7, Giuseppe Carrieri3, Luigi Cormio2

1Pathology Unit, University of Foggia, Foggia; 
2Urology Unit, University of Foggia, Bonomo Teaching Hospital, Foggia; 
3Urology and Renal Transplantation Unit, University of Foggia, Foggia; 
4Pathology Unit, Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia; 
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Urothelial carcinoma with an inverted growth pattern (UC-IGP) is a peculiar entity within the spectrum of urothelial lesions. While efforts 
have been made over the last few decades to unravel its carcinogenesis and relationship with conventional urothelial carcinoma, the ex-
act classification of inverted urothelial lesions is a matter of debate. The morphological features of UC-IGP pose several issues in differ-
ential diagnosis with other mostly benign lesions. Various techniques, including immunohistochemistry, UroVysion, and many molecular 
methods, have been employed to study the exact nature of this lesion. The aim of this review is to provide a comprehensive overview of 
the morphological and immunophenotypical aspects of UC-IGP. Moreover, we present and discuss the immunohistochemical and mo-
lecular markers involved in diagnosis and prognosis of UC-IGP lesions.
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MORPHOLOGICAL FEATURES

According to the current WHO classification, papillary uro-
thelial carcinoma with an inverted growth pattern (PUC-IGP) is 
a variant of non-invasive PUC and is staged as pTa [6]. Unlike 
conventional PUC, PUC-IGP shows an endophytic architectural 
pattern with branching and anastomosing cords of urothelium, 
some of which have an expansile appearance [7,8]. The stromal-
epithelial interface has a smooth profile with delicate vascular 
architecture. The cytological and architectural features lead simi-
lar grading as for conventional UCs, namely low-grade (LG) and 
high-grade (HG) [8], featuring nuclear atypia, architectural ab-
normality, and mitotic activity [9,10]. Such changes are present 
at the surface of the lesion in most cases, further supporting a diag-
nosis of UC. An exophytic papillary element has been reported 
in association with the inverted component [1,11], as well as a 
pseudoexophytic pattern resulting from artifactual fragmentation 
of the specimen. 

The presence of prominent endophytic growth can be misdi-
agnosed as a pushing border of invasion, yet occasional true lam-
ina propria invasion is supported by a stromal reaction [1,5,7,12] 
and/or neoplastic cords interweaving with fibers of muscularis 
mucosae [1,13]. Features such as irregularity of the endophytic 
nest profile, architectural complexity, and occurrence of single-cell 
invasion can be useful and should raise suspicion of an invasive 
lesion [14]. Transurethral resection (TUR)–related artifacts, 
namely tangential sectioning, cauterization, and crush effect, rep-
resent further issues in assessing stromal and/or muscular inva-
sion [1,13].

In a recent large series of invasive HG-UC arising in a back-
ground of UC-IGP from various sites, Gutierrez et al. [15] reported 
on bladder tumors presenting at earlier stages (81% pT1) than 
those involving the upper urinary tract (80% and 43% ≥ pT2 
in the renal pelvis and ureter, respectively). UC in situ and variant 
histology were described in approximately 40% and 20% of all 
cases, respectively [15], the latter being associated with a more 
aggressive clinical behavior. Conversely, a previous study on 81 
non-invasive LG-UC of the bladder, including eight UC-IGP, 
reported a lower recurrence risk in the inverted group [16]. A 
first attempt to classify PUC-IGP was conducted in 1997 by 
Amin et al. [13], who described two main histologic patterns fea-
turing interanastomosing cords and trabeculae (IP-like pattern) 
and broad bulbous borders (broad-front pattern), respectively 
[13,17]. 

LG-PUC-IGP shows mild nuclear atypia in terms of irregular 
chromatin distribution, enlarged irregular nucleoli, expansile 

growth with inverted nests and clusters, and increased mitoses 
[8,18]. HG-PUC-IGP has predominant inverted growth with 
higher architectural disorder in terms of marked loss of polarity 
with respect to the basement membrane [4], along with signifi-
cant nuclear pleomorphism and increased mitotic activity with 
occasional atypical figures. However, many reported cases of 
“atypical inverted urothelial papilloma” are described with an exo-
phytic papillary component and significant atypia and/or mito-
ses, which would best be considered UC with inverted growth 
[5,19].

IMMUNOHISTOCHEMICAL MARKERS

CD44

CD44 is a stem cell surface marker typically present in the 
basal layer of normal urothelium; however, UC in situ and the 
luminal subtype of invasive UC lack CD44 expression [8]. In 
their recent study on UC-IGPs of various grade, Bang et al. [2] 
described CD44 expression in two-thirds of their LG cases, while 
all HG tumors were negative. Further studies are needed to assess 
the potential of CD44 as a diagnostic and prognostic marker in 
this setting.

Cytokeratin 20

Cytokeratin 20 (CK20) is a low-molecular weight cytokeratin 
with diagnostic and prognostic potential in urothelial lesions [20]. 
CK20 is expressed commonly by superficial cells only in the nor-
mal urothelium; therefore, it is a marker of urothelial matura-
tion and differentiation [5]. The immunohistochemical expres-
sion of CK20 is of diagnostic value in differentiating IP from 
UC-IGP [1-3] (Table 1). Moreover, Sun et al. [3] reported that 
combining Ki67 and CK20 assessment by immunohistochem-
istry with UroVysion fluorescence in situ hybridization (FISH) 
showed sensitivity and specificity as high as 89.5% and 100%, 
respectively. 

Cyclin D1

Cyclin D1 is a key regulator of the cell cycle, and its alterations 
have been implicated in bladder carcinogenesis [21]. Cyclin D1 
status has been studied as a prognostic marker in nonmuscle in-
vasive bladder cancer (NMIBC), with conflicting results [21] (Ta-
ble 1). The LG-IP-like UC reported by Sudo et al. [22] showed 
cytoplasmic expression of cyclin D1 along with other immuno-
histochemical markers. Interestingly, Bang et al. [2] found that 
28 of 60 (47%) inverted urothelial neoplasms were positive for 
nuclear cyclin D1, in the absence of significant difference in stain-
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ing levels between benign and malignant lesions. Accordingly, cyclin 
D1 nuclear expression was higher in LG-UC-IGP than in IP 
(73.7% vs. 69.4%, respectively) in the study by Sun et al. [3], but 
the difference did not achieve statistical significance (p = .798). 
Based on these findings, cyclin D1 seems not to be helpful in 
differential diagnosis of benign and malignant inverted lesions.

Human epidermal growth factor receptor 2

Human epidermal growth factor receptor 2 (HER2) is a tyro-
sine kinase receptor with oncogenic potential that is overexpressed 
in 5%–10% of UC, including nonmuscle invasive lesions [23-25]. 
HER2 expression has prognostic and therapeutic implications, 
since anti-HER2 targeted drugs are the standard-of-care for pa-
tients with HER2+ breast and gastroesophageal cancer [26,27]. 
However, analytical and pre-analytical issues can affect the reli-
ability of HER2 assessment through current methods, especially 
with TUR specimens [28]. Cheon et al. [29] found moderate to 
strong HER2 overexpression (defined as distinct membrane 
staining) in two malignant bladder lesions with inverted pattern 
compared to five IP, which were negative for HER2. Similarly, 
significantly higher levels of HER2 expression (p = .0465) were 
described in UC-IGP compared with IP and PUNLMP-IGP 
using a 10% cutoff in a recent study by Bang et al. [2]. In addi-
tion, Ehsani and Osunkoya [30] reported a HER2 positivity rate 
(defined as strong complete membrane staining in > 30% cells) 
as high as 74% in their series of 46 renal pelvis UC cases; of them, 
23 UC-IGP showed HER2 overexpression in 65% of cases, 
mostly HG-UC. Based on these results (Table 1), HER2 might 
be useful in differentiating malignant from benign lesions with 
an inverted growth pattern.

Ki67

The proliferative index assessed by scoring Ki67 nuclear an-

tigen has been studied extensively in both NMIBC and muscle 
invasive bladder cancer (MIBC) [21] and in inverted lesions as 
well. Overall, it has been reported as diffusely expressed in UC-
IGP [1,2,22,31,32] with significantly higher level compared to 
that in benign inverted lesions [1-3,31]. Consistent with these 
results, assessment of proliferative activity using proliferating 
cell nuclear antigen antibody and AgNOR silver colloid stain-
ing yielded higher expression rates of both markers in malignant 
inverted lesions compared to IPs [29]. Eiber et al. [31] suggest 
that a combined assessment of fibroblast growth factor receptor 
3 (FGFR3) mutation status and Ki67 proliferation index can 
yield a specificity as high as > 90% in differentiating UC-IGP from 
IP within a consistent histological setting, with a Ki67 labeling 
index < 5% and wild-type FGFR3 being associated with a benign 
lesion. It has been suggested that the rate of Ki67 positive cells 
tends toward constant growth and expansion at the center of the 
lesion as grade increases [1,33]; therefore, this marker might be 
an adjunct in disease grading (Table 1).

p16

In bladder cancer, p16 has been analyzed either in association 
with other cell cycle proteins as a prognostic/predictive factor or as 
an indirect marker of human papillomavirus–induced carcino-
genesis [21]. The two studies assessing p16 expression in UC-
IGP yielded overlapping results, with higher expression of p16 in 
malignant compared to benign lesions, without statistical signifi-
cance (Table 1). Furthermore, in both studies, a more diffuse stain-
ing pattern was described in HG-UC versus LG-UC [2,18].

p53

The gene encoding tumor suppressor protein p53 is the most 
common target for mutations in human cancer, and alterations of 
p53 at a molecular level are found in early bladder carcinogenesis 

Table 1. Expression of selected immunohistochemical markers in UC-IGP

Study Site (No.)
CK20 Cyclin D1 HER2 Ki67 p16 p53

LG HG LG HG LG HG LG HG LG HG LG HG

Cheon et al. [29] Bladder (2) - - - - 2/2 (100) - - - - - -
Eiber et al. [31] Bladder (22)   9/22 (41) - - - - 18/22 (82) - -   6/22 (27)
Jones et al. [1] Bladder (29) 17/29 (59) - - - - 19/29 (66) - - 17/29 (59)
Terada [32] Bladder (3) - - - - -        3/3 (100) - -        3/3 (100)
Ehsani et al. [30] Renal pelvis (23) - - - 15/23 (65) - - - - - -
McDaniel et al. [18] Bladder (8), renal 

  pelvis (1)
- - - - - - - 3/5 (60) 2/4 (50) - -

Sun et al. [3] - 14/38 (36.8) - 28/38 (73.7) - - - 18/38 (47.4) - - - 16/38 (42.1) -
Bang et al. [2] Bladder (19)   4/15 (27) 3/4 (75)   7/15 (47) 2/4 (50) 1/15 (7) 1/4 (25)   1/15 (7) 2/4 (50) 3/15 (20) 3/4 (75)   4/15 (27) 3/4 (75)

Values are presented as number (%).
UC-IGP, urothelial carcinoma with an inverted growth pattern; CK20, cytokeratin 20; HER2, human epidermal growth factor receptor 2; HG, high-grade; LG, 
low-grade.
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events. p53 status seems to have a prognostic role in both NMIBC 
and MIBC, yet with contradictory results [21,34,35]. Although 
usually overexpressed in UC-IGP [22,32], no significant difference 
in p53 expression between benign and malignant inverted lesions 
was reported using different cutoffs (10%–50%) [2,31]. Con-
versely, Sun et al. [3] reported significantly higher p53 staining 
(cutoff, 10%) in a series of LG-UC-IGP compared to IP (p = .001). 
Similarly, Jones et al. [1] described a steady increase in p53 ex-
pression in UC-IGP versus IP (59% vs. 7%) using a 1% cutoff, 
suggesting that p53 should be part of a multi-marker panel 
(along with Ki67 and CK20) to distinguish benign from malig-
nant inverted lesions. Interestingly, there were no statistically sig-
nificant differences in p53 protein staining between IPs in patients 
with and without a history of UC [36] and between IPs with 
and without atypia [37] in two previous studies (Table 1). The 
use of different cutoffs can impair the reproducibility of immu-
nohistochemical results among studies.

MOLECULAR FEATURES

RAS genes

HRAS and KRAS are prototype RAS oncoproteins that have 
been shown to infrequently incur mutations in conventional UC 
[21,35]. Conversely, HRAS mutations have been reported in in-
verted tumors [18], along with mutations in other members of 
the RAS pathway, namely mutations encoding the KRAS G12R 
and BRAF G469A mutants in LG-UC-IGP and HG-UC-IGP 
cases, respectively [18]. Moreover, an oncogenic HRAS or KRAS 
missense mutation was present in nearly all cases of IP and uro-
thelial papilloma according to a recent series [38-40], compared 
to two of 25 UC-IGP cases (8%). In both cases, further oncogenic 
mutations in chromatin-modifying genes and/or cell cycle regu-
lators were present. Based on such findings, it has been suggested 
that an altered RAS pathway supplies the growth and/or progres-
sion of inverted urothelial lesions [18].

Loss of heterozygosity 

Chromosomal aberrations, namely changes of copy numbers 
of various genetic regions, can occur at several points along the 
UC pathway that can be detected by cytogenetic studies, includ-
ing loss of heterozygosity (LOH) analysis [21]. Sung et al. [41] 
found a very low incidence of LOH at genetic loci, which are 
frequently lost in both UCs and PNULMPs, by examining four 
polymorphic microsatellite markers [42] in their series of 39 
IPs. LOH analysis performed by Eiber et al. [31] on 62 IPs and 
23 UC-IGPs using microsatellite markers at chromosomal loci 

9p21, 9q, and 17p13.1 identified statistically significant differ-
ences in 9q LOH (13.2% of IPs vs. 36.4% of UC-IGPs, p = .03).

Telomere shortening

Telomeres are repetitive DNA sequences that protect chromo-
some ends. A process known as telomere shortening (TS) occurs 
with every iteration of DNA replication and cell division. Telom-
erase is a DNA polymerase that counteracts TS by repairing chro-
mosome ends, and the expression of its catalytic subunit telom-
erase reverse transcriptase (TERT) is correlated with telomerase 
activity [35]. TS and telomerase activity are involved in cancer 
development and progression at different sites, including the 
bladder [43]. Williamson et al. [44] reported that relative telo-
mere length, as assessed by FISH analysis with a telomere-spe-
cific peptide nucleic acid probe, was significantly reduced in UC-
IGP compared to IP (p < .001). Interestingly, analysis of relative 
telomere signal intensity in normal urothelium, non-neoplastic 
lesions (cystitis glandularis), and IP yielded similar results [44]. 
Based on these results, the authors argued that IPs do not have 
premalignant potential, and that benign and malignant invert-
ed lesions develop through different carcinogenetic pathways 
despite their morphological similarity.

TERT promoter mutations have been detected infrequently in 
IPs [39,45,46]. Similarly, Cheng et al. [10] identified a signifi-
cantly lower rate of TERT mutations in IP compared with UC-
IGP (15% vs. 58%, p = .003). Interestingly, the same C228T 
mutation was found in inverted lesions as well as in the majority 
of conventional UC, suggesting that a subset of IP might share a 
molecular pathway of carcinogenesis with UC-IGP and conven-
tional UC [47]. Such findings suggest the use of TERT mutation 
analysis in the differential diagnosis of benign and malignant le-
sions [38,40,47-49].

UroVysion

UroVysion is a multicolor FISH-based urine assay with high-
er sensitivity than urine cytology in the setting of UC screening 
and follow-up [21]. This assay assesses amplification of chromo-
somes 3, 7, and 17 along with deletion of 9p21. Such alterations 
have been detected in up to 79% of UC-IGPs through different 
studies [1,5,7,33]. In their multimethod study on a series of 15 
IPs and 29 UC-IGPs, Jones at al. [1] yielded normal results for all 
cases of IP, while UC-IGP demonstrated chromosomal abnor-
malities typical of conventional UC, including gains of chromo-
somes 3 and 7. Accordingly, UroVysion positivity, defined as a 
gain of at least two of chromosomes 3, 7, or 17 or a homozy-
gous loss of 9p21, yielded increased sensitivity and specificity rates 
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compared to the immunohistochemical markers Ki67 and CK20 
[3], and even higher accuracy was accomplished by a combina-
tion of the three tests, further highlighting the role of UroVysion 
in distinction between IP and UC-IGP.

Microsatellite instability 

Microsatellite instability (MSI) resulting from errors in DNA 
replication is a distinctive feature of several tumors, including BC, 
where it has been reported to be associated with increased grade 
and stage [21] and to have a predictive role, especially in NMIBC 
[25]. MSI status can be assessed either directly by microsatellite 
analysis, a PCR-based technique, or indirectly by assessing the 
MSI factors MutL homologue 1 (MLH1), MutS homologue 2 
(MSH2), and MutS homologue 6 (MSH6).

A frequent association between MSI positive status and inverted 
growth pattern in tumors of the upper urinary tract has been de-
scribed [50,51], mostly highlighted by MSH2 and/or MSH6 pro-
tein loss. Eiber et al. [31] investigated MSI in their series of IPs 
and UC-IGPs through both microsatellite analysis and MLH1, 
MSH2, and MSH6 immunostaining; however, they failed to find 
a significant correlation between MSI status and diagnosis [31]. 
Based on these findings, they argued that microsatellite unsta-
ble inverted tumors of the upper urinary tract represent a distinct 
subgroup of inverted urothelial tumors.

FGFR3

FGFR3 is a member of the family of fibroblast growth factor 
tyrosine kinase receptors that is involved in urothelial carcinogen-
esis through a papillary pathway associated with low cellular grade 
and lack of invasion [52]. Alterations of the FGFR3 gene have 
been described in UC-IGP, namely activating mutations encod-
ing S249C, R248C, and G370C [18]. Since such alterations have 
been detected in both LG-UC-IGP and HG-UC-IGP, a possible 
explanation could be the non-invasive nature of inverted lesions 
overall, despite their grade of differentiation [18].

Distinct molecular alterations in inverted urothelial lesions

Evidence from molecular genetic studies has shown that IPs 
have additional distinct molecular features compared to their 
malignant counterparts, such as low tumor mutational burden, 
mutations in the mitogen-activated protein kinase/ERK path-
way, along with a lack of the prevalent APOBEC mutation sig-
nature [1,7,31,36,38-41]. On the other hand, both conventional 
UC and UC-IGP carry overlapping genetic alterations [53], namely 
mutations in FGFR3, TP53, CDKN1A, PIK3CA, FBXW7, 
ERBB2, and NOTCH1 [18,40]. Interestingly, the specific point 

mutations at FBXW7 R505, ERBB2 V842, and NOTCH1 
R1594  have not been reported in conventional urothelial cancers 
[54]. UC-IGP arising in the upper urinary tract has been described 
in association with hereditary non-polyposis colorectal cancer 
syndrome/Lynch syndrome, with DNA mismatch repair gene 
abnormalities and MSI [55], and the latter are more frequent in 
tumors of the renal pelvis and ureter than in bladder primaries 
and can be used as prognostic markers [25].

Differential diagnosis

Several authors have highlighted the high potential for misin-
terpretation of UC-IGP as IP due to overlapping morphological 
features [1,7,11-15,22,44]; however, a combination of morpho-
logic, immunohistochemical, and molecular genetic assessments 
can be helpful in achieving a correct diagnosis [1]. This task is 
particularly challenging when the cystoscopy-obtained biopsy tis-
sue is limited, extensively fragmented, heavily inflamed, and/or 
obscured by crush or cautery artifacts [15]. IPs are relatively less 
frequent than conventional urothelial benign papillary neoplasms, 
can be encountered anywhere throughout the urinary tract, and 
do not undergo malignant transformation [56].

Amin et al. [13] analyzed 18 UC-IGPs and established several 
morphologic criteria to distinguish them from IPs. UC-IGP tends 
to have an exophytic papillary surface, thick irregular cords or tra-
beculae, grade-dependent cytological atypia, and decrease to lack 
of maturation, spindling, or peripheral palisading [2,3,5,10,18,32]. 
Cytologic atypia presents in the form of nuclear pleomorphism, 
irregular chromatic structure, and/or enlarged uneven nucleoli 
[57]. Furthermore, UC-IGPs tend to have greater mitotic activity 
above the basal layer with occasionally atypical mitotic figures 
[3,57]. The presence of UC in situ in the surface urothelium is a 
further hint to diagnosis of UC-IGP [7].

Conversely, IPs have a smooth, dome-shaped surface due to 
the endophytic growth of uniform cords and trabeculae, usually 
lack an exophytic element, are more circumscribed, feature pali-
sading at the periphery and spindling or streaming in the center 
of the trabeculae, and cytologic atypia is weak to absent [3,31]. It 
is clear that IPs lack stromal invasion; however, IPs with foamy/
clear or vacuolated cytoplasm have been described occasionally 
[19]. At cystoscopy, IP usually appears as a single peduncle mass 
with smooth surface, while UC-IGP presents as wide-based, cau-
liflower-like multiple masses with an uneven surface [5] (Fig. 1).

It has been suggested that most lesions diagnosed in the past 
as IP with concurrent UC were actually UC-IGPs [58], and some 
IPs were labeled as LG-UC-IGPs [59], resulting in confusion 
regarding the actual incidence of each disease. Moreover, a cate-
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gory of “IP with atypia” or “atypical IP” was introduced by some 
authors, referring to a subset of IP with malignant potential 
[36,37]. Compared to UC-IGP, IP with atypia has lower mitotic 
index and proliferative activity. Interestingly, Brimo et al. reported 
on a series of 12 UC-IGPs encompassing areas within the tumor 
whose morphological features were identical to those of IP in each 
case [17]. Immunohistochemically, higher rates of p53 and CK20 
expression and increased Ki67 proliferative index were seen in UC-
IGP compared to IP [1,7,14,44]. Sun et al. [3] described higher 
Ki67 and CK20 expression in LG-UC-IGP than IP. Interesting-
ly, Broussard et al. [37] found a higher incidence of Ki67 and 
p53 in IPs with atypia compared to conventional IPs. Moreover, 
24 of 38 (63.2%) LG-UC-IGP cases were positive for UroVysion 
FISH, whereas all IPs showed no gains of chromosomes 3, 7, or 17 
and absence of 9p21 loss, suggesting that IP arises from pathoge-
netic mechanisms that differ from those that produce UC (Fig. 1). 

As a lesion with an endophytic growth pattern, a large-nested 
variant of invasive UC enters the differential diagnosis with UC-
IGP. However, involvement of the detrusor muscle as well as the 
high variability of size and shape, irregular profile, and infiltra-

tive architecture of large-nested UC allow distinction between 
the two [60].

CONCLUSION

In conclusion, UC-IGP and IP are distinct entities with pecu-
liar biologic behaviors and clinical outcomes that can be difficult 
to distinguish due to their morphological commonalities. How-
ever, misdiagnosis should be avoided since IP is a benign disease, 
while UC-IGP can warrant further treatment or surveillance de-
pending on grade [2,7,56]. Data from the literature assess the role 
of ancillary techniques, namely immunohistochemistry and FISH, 
in supporting a proper diagnosis [3]. However, studies on large 
case series are warranted to further elucidate the molecular mech-
anisms and diagnostic and prognostic markers of UC-IGP.
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Appendiceal mucinous neoplasms (AMNs) are rare appendi-
ceal epithelial tumors, characterized by mucinous epithelial pro-
liferation with extracellular mucin and a common cause of dis-
seminated peritoneal mucinous disease, pseudomyxoma peritonei 

[1-3]. The accurate diagnosis of AMNs is clinically important 
because management may include a long-term follow-up to 
radical innovative therapy, such as cytoreductive surgery with 
hyperthermic intraperitoneal chemotherapy (CRS-HIPEC) and 
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systemic chemotherapy [1-5]. However, the definition and clas-
sification of AMNs have been inconsistent, which causes poten-
tial confusion when diagnosing and managing patients [5-11]. 
Recently, an international working group, Peritoneal Surface 
Oncology Group International (PSOGI), reached a modified 
Delphi consensus on classifications and diagnostic terminolo-
gies [12]. Although this was a global effort, the terminology of 
AMNs is still contentious. To establish a tumor staging system, 
the 8th edition of the American Joint Committee on Cancer 
(AJCC 8th) Cancer Staging Manual applied pT staging to low-
grade appendiceal mucinous neoplasms (LAMNs) for the differ-
entiation of high-grade diseases [13,14]. However, the biologic 
behaviors of AMNs and disseminated peritoneal mucinous dis-
ease are still controversial among the pathologists who perform 
diagnoses without adequate guidelines.

The Gastrointestinal Pathology Study Group of the Korean 
Society of Pathologists (GPSG-KSP) has contributed to the es-
tablishment of standard pathologic guidelines for gastrointesti-
nal neoplasms [15-21]. However, there are no well-established 
or consensus guidelines for diagnosing and evaluating AMNs, 
leading to confusion and potential conflict in daily practice and 
medical insurance compensation. There is a need to assess cancer 
registration because of changes in the newly published 5th edition 
of the World Health Organization Classification (WHO 5th) of 
Digestive System Tumors and the AJCC 8th Cancer Staging Manual. 
AMNs are uncommon appendiceal epithelial neoplasm, and there 
are many limitations in a single institution study. The GPSG-
KSP proposed a multicenter study to overcome the limitations 
and held a workshop entitled “Standardization of the Pathologic 
Diagnosis of the Appendiceal Mucinous Neoplasm.” The GPSG-
KSP recruited institutions and pathologists and collected cases 
diagnosed as AMNs and related diseases in each institution from 
2011 to 2015. Expert pathologists of the GPSG-KSP selected 
typical cases with AMNs and disseminated peritoneal mucinous 
disease according to the PSOGI consensus guidelines [12], the 
College of American Pathologists (CAP) protocol [22], the 
AJCC 8th Cancer Staging Manual [13], and the WHO 5th Diges-
tive System Tumors [1]. Expert pathologists reached the consensus 
in the collected cases through a live microscopic examination 
using a 12-head microscope if conflicting cases were presented. 
One hundred and twenty-one members of the KSP participated 
in the workshop. Virtual slides provided a total of 23 cases dur-
ing the workshop. Before the workshop, we asked several ques-
tions about the basic information of the participants and diag-
nostic terminologies and stagings of the AMNs (Supplementary 
Data S1). After a lecture on updates, we surveyed several issues 

about the diagnostic criteria, biologic behavior codes, and tumor 
gradings of the AMNs and disseminated peritoneal mucinous 
disease (Supplementary Data S2). We collected their responses 
and discussed differing opinions with members of the GPSG-KSP. 
In addition, we propose an essential checklist of standard data 
elements of the appendiceal epithelial neoplasms for the stan-
dardization of pathologic diagnosis of AMNs and disseminated 
peritoneal mucinous disease.

APPENDICEAL MUCINOUS NEOPLASMS

Definition and characteristics of appendiceal mucinous 
neoplasms

Appendiceal epithelial neoplasms, over 70% of the mucin-
producing type, account for most primary appendiceal tumors 
[1-3]. The classification of appendiceal epithelial tumors of the 
WHO 5th Digestive System Tumors is listed in Table 1. The 
WHO 5th Digestive System Tumors defined the AMN as a muci-
nous epithelial proliferation with extracellular mucin and pushing 
invasion pattern or pushing tumor margins [1]. Most AMNs de-

Table 1. Classification of appendiceal epithelial tumors based on 
the 5th edition of the WHO Classification of Digestive System Tu-
mors [1]

ICD-O3 Epithelial tumors

     - Hyperplastic polyp
     - Sessile serrated lesion without dysplasia
8213/0 Serrated dysplasia, low grade
8213/2 Serrated dysplasia, high grade
8480/1 Low-grade appendiceal mucinous neoplasm 
8480/2 High-grade appendiceal mucinous neoplasm 
8140/3 Adenocarcinoma, NOS
8480/3 Mucinous adenocarcinoma (> 50% mucin)
8490/3 Signet-ring cell carcinoma (> 50% signet-ring cells)
8020/3 Carcinoma, undifferentiated, NOS
8243/3 Goblet cell adenocarcinoma
8240/3 Neuroendocrine tumor, NOS
8240/3 Neuroendocrine tumor, grade 1
8249/3 Neuroendocrine tumor, grade 2
8249/3 Neuroendocrine tumor, grade 3
8152/3 L-cell tumor
8152/3 Glucagon-like peptide producing tumor
8152/3 PP/PYY-producing tumor
8241/3 Enterochromaffin-cell carcinoid
8241/3 Serotonin-producing carcinoid
8246/3 Neuroendocrine carcinoma 
8013/3 Large cell neuroendocrine carcinoma
8041/3 Small cell neuroendocrine carcinoma
8154/3 Mixed neuroendocrine-non-neuroendocrine carcinoma (MiNEN)

WHO, World Health Organization; ICD-O3, International Classification of 
Diseases for Oncology, 3rd edition; NOS, not otherwise specified.
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velop in middle-aged or elderly patients and present with non-spe-
cific symptoms or signs, such as acute abdominal pain [1-5,12]. 
AMNs can exhibit variable clinical behaviors, ranging from a 
relatively slow-growing and low-grade tumor, but with consider-
able risk of recurrence, to a high-grade and aggressive neoplasm 
that produces eventual peritoneal metastasis [1-7]. AMNs can 
be divided into LAMN and high-grade appendiceal mucinous 
neoplasm (HAMN) by cytological grading. The classification, 
grading, biologic behavior codes, diagnostic criteria, and micro-
scopic features are listed in Table 2. 

Pushing invasion in appendiceal mucinous neoplasms

Pushing invasion is defined as a tongue-like protrusion, diver-
ticulum-like growing, or broad-front spread of the epithelium 
into the appendiceal wall [1,3,12]. Pushing invasion can cause 
the attenuation of lamina propria and muscularis mucosae, and 
this is not associated with the destructive invasion or desmoplastic 
infiltration, characteristics of invasive carcinoma [1,3,12,23]. 
Moreover, pushing invasion through the appendiceal wall pres-
ents extra-appendiceal mucin accumulation, leading to diagnostic 
difficulty or misdiagnosis. Extracellular mucin can lead to the 
dissection of the wall and rupture with the potential for intra-
peritoneal dissemination [24,25].

LOW-GRADE APPENDICEAL 
MUCINOUS NEOPLASM

Definition and histologic findings of low-grade appendiceal 
mucinous neoplasm

The AJCC 8th Cancer Staging Manual defined a LAMN as a 
mucinous neoplasm with low-grade cytology associated with 
the obliteration of the muscularis mucosae without overt features 
of the invasion [13]. The lamina propria is frequently effaced, and 
mucosal lymphoid tissues are decreased or absent. Mucinous cyst-
adenoma and mucocele were histologically used as synonyms for 
LAMN but are no longer recommended in pathologic reports 
due to their ambiguous and misleading nature. The essential 
histologic finding of LAMN is low-grade cytology with pushing 
invasion; however, there is no destructive invasion in the appendi-
ceal wall. Fig. 1 demonstrates the microscopic features of LAMNs, 
displaying pushing invasion and broad-front spreading by a 
mucin-rich epithelium. Notably, when regarding whether pushing 
invasion is necessary for the diagnosis of LAMN, most of the 
survey responders diagnosed Fig. 1A, B as LAMN. In typical 
LAMNs, there is a loss of the normal mucosal architectures, at 
least focally, such as obliteration of the lamina propria and mus-
cularis mucosa, fibrosis of the submucosa, and atrophy of the 
lymphoid follicles. Although the epithelium may show a papil-
lary, villous, undulating, or flat architecture, lining epithelial cells 
are generally arranged in a monolayer (Fig. 1C, D). The micro-

Table 2. Classification, grading, biologic behavior codes, and diagnostic criteria and microscopic features of appendiceal mucinous tumors

Classification Gradinga ICD-O3 KCD-8 Diagnostic criteria and microscopic features [3,12]

Low-grade appendiceal mucinous 
neoplasm 

Low/G1 8480/1 D37.3 Mucinous neoplasm with low-grade cytology and any of the following (by PSOGI 
criteria)

Loss of muscularis mucosae
Fibrosis of submucosa
“Pushing invasion” (expansile or diverticulum-like growth)
Dissection of acellular mucin in wall
Undulating or flattened epithelial growth
Rupture of appendix
Mucin and/or cells outside appendix

High-grade appendiceal mucinous 
neoplasm  

High/G2 8480/2 D01.7 Mucinous neoplasm with the architectural features of LAMN and no infiltrative 
invasion, but with high-grade cytologic atypia 

Mucinous adenocarcinoma High/G2 8480/3 C18.1 Malignant glandular neoplasm, comprising of > 50% extracellular mucin, 
characterized by infiltrative invasion. The pattern of infiltrative invasion as follows: 
Infiltrative glands, or single infiltrative tumor cells associated with extracellular 
mucin and desmoplastic stroma  
Small dissecting mucin pools containing floating nests, glands, or single 
neoplastic cells

Mucinous adenocarcinoma 
with signet-ring cells

High/G3 8480/3 C18.1 Mucinous adenocarcinoma, comprising of ≤ 50% signet-ring cells

Signet-ring cell carcinoma High/G3 8490/3 C18.1 Adenocarcinoma, comprising up to > 50% signet-ring cells

ICD-O3, International Classification of Diseases for Oncology, 3rd edition; KCD-8, Korean Classification of Disease, 8th edition; PSOGI, Peritoneal Surface 
Oncology Group International; LAMN, low-grade appendiceal mucinous neoplasm.
aGrading divide into low- and high-grade by the two-tier system and G1 to G3 by three-tiered system.
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Fig. 2. Various microscopic features of a low-grade appendiceal mucinous neoplasm. (A) Low-grade cytologic features with pencil-like nuclei 
maintaining the nuclear polarity. (B) The neoplastic mucinous epithelium may have a villous architecture with loss of lamina propria and mus-
cularis mucosae. (C) The appendiceal wall exhibits extensive fibrosis. (D) The neoplastic epithelium displays an undulating or short wave-like 
architecture. (E) The appendiceal wall is dissected by mucin. (F) Rupture of the wall by mucin and/or cells outside the appendix.

Fig. 1. Low-grade appendiceal mucinous neoplasm (LAMN). (A) A LAMN demonstrates a “pushing invasion” or tongue-like protrusion into the 
appendiceal wall. (B) A LAMN reveals a pushing growth by the mucinous epithelium into the appendiceal wall, which should not be considered 
as infiltrative invasion. (C) A LAMN shows a “pushing border” or broad-front border by the epithelium. (D) A LAMN reveals a flat or papillary epi-
thelium associated with the loss of the lamina propria, obliteration of muscularis mucosae, and atrophy of submucosa and muscularis propria.
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scopic features essential for LAMN proposed by the PSOGI 
panel are illustrated in Fig. 2. It is not surprising that LAMN 
with intact muscularis mucosae may develop disseminated peri-
toneal mucinous disease. For this reason, there is hesitancy in di-
agnosing a lesion with intact muscularis mucosae as adenoma 
because adenomas should be limited to benign lesions that have 
no potential for peritoneal dissemination. Patients with LAMN 
often present symptoms like acute appendicitis. Typical LAMNs 
usually have thin fibrotic walls and abundant intraluminal mucin, 
and less commonly, calcification of the wall. Grossly apparent 
rupture with mucin extrusion is generally manifested in patients 
with disseminated peritoneal mucinous disease. 

Mimickers of low-grade appendiceal mucinous neoplasm

Because LAMNs show benign-looking cytology, they can 
mimic several benign lesions associated with mucinous epithelial 
proliferation. The appendiceal diverticulum is perhaps the most 
common mimicker of LAMN due to their pushing growing 
pattern, specifically when related to abundant mucin exposed to 
the serosal surface. A preserved lamina propria is an indication 
of the diagnosis of a diverticulum. Careful examination of the 

entire appendix at lower magnification often leads to identifying 
a diverticulum. Sometimes, Schwann cell hyperplasia expands 
the lamina propria, possibly because of the obliteration effects 
[26,27]. If a histologic examination of the entire appendix fails 
to reveal a lining epithelium, the possibility of a retention cyst may 
be considered. Appendiceal retention cysts are rare and mostly 
small-sized; thus, lesions more than 2 cm in diameter are much 
more likely to be LAMNs. Appendiceal endometriosis with in-
testinal metaplasia is uncommon and can resemble a LAMN. The 
epithelial component acquires an intestinal phenotype character-
ized by columnar mucin-secreting cells, sometimes with goblet 
cells. Recognition of the endometrial stroma surrounding the 
glands and CD10 immunohistochemical stain will lead to a di-
agnosis. Mucosal hyperplasia can be seen in acute appendicitis. 
Mucosal hyperplasia tends to be more pronounced toward the 
luminal side and is frequently observed in areas of intense inflam-
mation. Occasionally, reactive cellular atypia in the acute suppu-
rative appendicitis may approximate the neoplastic atypia in 
LAMN. Fig. 3 reveals various mimickers of LAMN.

Fig. 3. Mimickers of appendiceal mucinous neoplasm. (A) Acute suppurative appendicitis. (B) An appendiceal diverticulum presents pushing 
growth by abundant mucin and acute suppurative inflammation. Note that a lower magnification often leads to the identification of the diver-
ticulum. (C) Retention cyst without a lining epithelium. (D) Appendiceal endometriosis.
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HIGH-GRADE APPENDICEAL 
MUCINOUS NEOPLASM

Definition and histologic of HAMN

HAMN was proposed for the lesion with similar architectures 
of LAMN having high-grade cytologic features but no infiltra-
tive invasion [13]. Fig. 4 demonstrates the histologic findings 
of HAMN. The microscopic findings include cribriform, loss of 
nuclear polarity, high-grade cytology (i.e., enlarged, hyperchro-
matic, pleomorphic nuclei, and atypical mitotic figures), fre-
quent single-cell necrosis and may present sloughing of necrotic 
cells into the lumen [23]. HAMNs are suggested to reveal an in-
termediate risk between LAMNs and mucinous adenocarcinomas.

Biologic behavior code of HAMN

According to the WHO 5th Digestive System Tumors, the Inter-
national Classification of Diseases for Oncology, 3rd edition (ICD-
O3) behavior codes for LAMN and HAMN were proposed as 
8480/1 and 8480/2, respectively (Table 2). The response of the 
ICD-O3 of the HAMN was varied at the workshop because the 
questionnaire for the suspected ICD-O3 behavior code of the 
HAMN was conducted before the publication of the WHO 5th 
Digestive System Tumors. However, there was a consensus that the 
behavior code should be 8480/2 to avoid confusion in the fol-
lowing GPSG meeting. Misdraji et al. [7] reported that HAM-
Ns show more aggressive clinical behavior than LAMNs, but 
the prognosis is still not unveiled because HAMNs are extreme-
ly rare. Therefore, nothing of the HAMNs prognosis is known. 
Yantiss et al. [11] reported that HAMN was more likely to be 
associated with aggressive clinical course and extra-appendiceal 
mucin spreading than LAMN. Carr et al. [23] proposed that 

HAMN should include lesions with high-grade cytologic atypia 
that is seen only focally, provided it is unequivocal; however, there 
has been no accepted consensus on the quantification of focal le-
sions yet. We surveyed the “focal” concept at the workshop, and 
the responses are shown in Supplementary Data S2.

SERRATED LESIONS

Classification of appendiceal serrated lesions

The WHO 5th Digestive System Tumors defined an appendiceal 
serrated lesion as a mucinous epithelial lesion characterized by a 
serrated (sawtooth or stellate) architecture of the luminal crypt 
[1]. Serrated lesions are classified as a hyperplastic polyp, sessile 
serrated lesion without dysplasia, and serrated lesion with dys-
plasia or serrated dysplasia [1,14]. Polyps that lack a luminal 
crypt of serrated architecture and dysplasia are classified as hy-
perplastic polyps. Sessile serrated lesions are commonly deficient 
in cytological dysplasia. They often involve mucosa in a diffuse 
circumferential fashion. Serrated dysplasia refers to conventional 
adenoma-like dysplasia, traditional serrated adenoma-like dyspla-
sia, and mixed morphological patterns of dysplasia [14]. LAMNs 
are heterogeneous, with typical LAMN in some areas and serrated 
lesions in others, raising the possibility that some LAMNs could 
arise from serrated lesions.

Pathologic findings and pathogenesis of appendiceal 
serrated lesions

Occasionally, LAMNs simulate a serrated lesion and are chal-
lenging to diagnose, particularly if the muscularis mucosae is 
intact. By the diagnostic criteria of the PSOGI classification, a 
serrated lesion should be confined to the lesion with intact mus-

Fig. 4. High-grade appendiceal mucinous neoplasm (HAMN). (A) A HAMN shows the same low-power architectural features as low-grade 
appendiceal mucinous neoplasm without infiltrative invasion. (B) A HAMN is characterized by high-grade cytology, including enlarged and 
vesicular nuclei with full-thickness stratification, loss of nuclear polarity, prominent nucleoli, and sometimes mitotic figures.
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cularis mucosae, no mucin in the wall or outside, and no expansile 
growth pattern or pushing invasion [12]. Although appendiceal 
serrated lesions have similar microscopic features to their colorectal 
counterparts, they commonly harbor KRAS mutations but lack 
BRAF mutations, indicating that the serrated pathway in the ap-
pendix is likely to be different from those of the colorectum 
[14,23,28]. However, serrated lesions remain incompletely stud-
ied and are not fully understood. The serrated lesions of the appen-
dix are demonstrated in Fig. 5.

STAGING OF APPENDICEAL 
MUCINOUS NEOPLASMS

AJCC 8th TNM staging 

The AJCC 7th Cancer Staging Manual was not clear on apply-
ing the staging criteria of AMNs [29]. However, the AJCC 8th 
Cancer Staging Manual showed significant changes to the staging 

criteria of AMNs, particularly for LAMN [13]. In addition, the 
role of acellular mucin or a mucinous epithelium outside of the 
appendix is also addressed and included in the staging [1,13]. 
A summary of the AJCC pT classification of LAMN and prog-
nostic significance from the AJCC 8th Cancer Staging Manual is 
listed in Table 3. In non-mucinous appendiceal tumors, the pTis 
category includes high-grade dysplasia, carcinoma in situ, and 
intramucosal carcinoma [13]. Notably, LAMNs confined to the 
appendiceal wall are classified as pTis. The staging of pTis reflects 
the excellent outcome when limited to the appendiceal wall [13]. 
In most LAMNs, there is no well-preserved mucosal architecture; 
hence, assessing the involvement of the mucosa and submucosa 
is impossible, resulting in the inability to apply pT1 designation 
to the LAMNs. In addition, studies evaluating the outcomes in 
LAMN have determined that pushing invasion into the appen-
diceal wall is not associated with tumor recurrence [7,11,30]. 
Thus, pT2 designation does not apply to LAMN [13].

Table 3. Summary of pT stages of LAMN and prognostic significance from the AJCC Cancer Staging Manual, 8th edition [3,13]

pT stage Definition and lesions Prognostic significances

pTis(LAMN) LAMN confined to the appendiceal wall after histologic examination of 
the entire appendix. 

Acellular mucin or mucinous epithelium may interrupt the muscle 
propria.

pTis(LAMN) has essentially no risk of recurrence. pTis(LAMN) 
designation requires correlation with the intraoperative findings and 
an evaluation by the operator.

pT3(LAMN) LAMN with acellular mucin or mucinous epithelium extending into the 
subserosa or mesoappendix but no involvement of the serosa after 
histologic examination of the entire appendix.

Unknown risk of peritoneal recurrence.
Long-term follow-up for 10 yr is suggested until additional data on 

recurrence risk becomes available.
pT4(LAMN) LAMN invades the visceral peritoneum, including the acellular mucin 

or mucinous epithelium involving the serosa of the appendix or 
mesoappendix (pT4a), and/or directly invades adjacent organs or 
structures (pT4b).

Low risk (acellular mucin) and high risk (mucinous epithelium) of 
peritoneal recurrence.

Long-term follow-up for 10 yr with periodic imaging is required.
Additional surgery or CRS-HIPEC is uncertain but is used in some 

centers. 

Note that pT1 and pT2 do not apply to LAMN.
LAMN, low-grade appendiceal mucinous neoplasm; AJCC, American Joint Committee on Cancer; CRS-HIPEC, cytoreductive surgery with hyperthermic in-
traperitoneal chemotherapy.

Fig. 5. Appendiceal serrated lesions. (A) A sessile serrated lesion without dysplasia is a common microscopic finding to the colorectum 
counterpart, displaying deep crypt serration and dilated bases. Note that the muscularis mucosae are intact. (B) Serrated dysplasia, low 
grade presents adenoma-like dysplasia in the crypt base.
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Staging of low-grade appendiceal mucinous neoplasm

Various pT stagings of LAMN were presented in the workshop 
and are illustrated in Fig. 6. In a questionnaire for suspected 
pTis or other stages, many pathologists were unaware of the new 
concept of pTis(LAMN). Because mucinous tumors can frequently 
extend into the muscularis propria by pushing invasion in LAMN, 
mucin extending into the muscularis propria should be classified 
as pTis(LAMN) as long as it does not extend into the mesoap-
pendix or serosa (Fig. 6A, B). LAMNs showing either acellular 
mucin or mucinous epithelium involvement to subserosa or me-
soappendix are classified as pT3 (Fig. 6C). Perforation of the ap-
pendix by LAMN is associated with a high risk of peritoneal 
dissemination. Given the risk of disseminated peritoneal muci-
nous disease, pT4 includes assessing both acellular mucin and 
the mucinous epithelium and is designated as T4a (penetration 
of the serosa) (Fig. 6D) and T4b (directly invades adjacent organs 
or structures) (Fig. 6E). Notably, pT4a does not include luminal 
or mural spreading into the cecum. Most cases of LAMNs are 
associated with luminal mucin. This mucin can frequently con-
taminate the serosa during the gross examination, histologic pro-
cessing, and even operation. These cases should not be diagnosed 
as pT4a. Indeed, mucinous deposits on the appendiceal serosa are 
associated with a granulation tissue-like response and neo-vascu-

larization; numerous small capillaries containing red blood cells 
are seen coursing through the mucin (Fig. 6F). When the perito-
neal dissemination is limited to acellular mucin only, it is classi-
fied as M1a. Other metastatic categories are M1b, which refers to 
metastases confined to the peritoneum only, and M1c which refers 
to metastases outside the peritoneum, such as pleuropulmonary 
metastasis.

Staging of HAMN

According to the Union for International Cancer Control stag-
ing system, LAMN and HAMN are considered as pTis, if con-
fined to the appendiceal wall [1]. However, the AJCC 8th Cancer 
Staging Manual stated that the HAMN should be staged using 
the same staging system as invasive mucinous adenocarcinoma 
[13]. These two different opinions may bring confusion in daily 
practice. Valasek and Pai [3] proposed that HAMN with pushing 
invasion into the muscularis propria would be classified as pT2 us-
ing the same staging system for invasive adenocarcinoma. How-
ever, since there are very few cases of HAMN, the actual applica-
tion of the staging for HAMNs will be determined after the results 
of large-scale survival analysis. We surveyed the expected pT stages 
of the HAMNs at the workshop, and the responses are shown 
in Supplementary Data S2.

Fig. 6. Pathologic staging of low-grade appendiceal mucinous neoplasms (LAMNs). (A) A LAMN confined to the appendiceal wall is desig-
nated as pTis(LAMN). (B) Acellular mucin or mucinous epithelium may frequently extend into the muscularis propria; however, the pT stage is 
defined as pTis. Note that pT1 and pT2 do not apply to LAMN. (C) A LAMN extends to the subserosa or mesoappendix and is classified as 
pT3. (D) Acellular mucin or mucinous epithelium penetrating the serosal surface is classified as pT4a. (E) The tumor directly invades into the 
adjacent intestinal segment by way of the serosa, e.g., invasion of the ileum (pT4b). (F) Acellular mucin on the serosal surface with inflamma-
tory reaction and neovascularization (pT4a).
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APPENDICEAL MUCINOUS 
ADENOCARCINOMA

Definition and histologic findings of appendiceal mucinous
adenocarcinoma

Appendiceal mucinous adenocarcinoma is defined as mucinous 
neoplasms showing infiltrative invasion comprised of > 50% ex-
tracellular mucin [1]. In contrast to the pushing invasion of the 
LAMN, the infiltrative invasion is confined to destructive stromal 
invasion into the appendiceal wall. The histologic features of in-
filtrative invasion include infiltrative tumor cells, which exhibit 
cribriform, small tubules, or single cells accompanied by mucin 
within the desmoplastic stroma, and small dissecting mucin con-
taining floating tumor cells but inconspicuous desmoplastic reac-
tion [1,3,12]. The neoplastic epithelium in mucinous adenocar-
cinoma demonstrates high-grade cytology that may be only seen 
focally, are characterized by enlarged nuclei, prominent nucleoli, 
increased mitotic figures, full-thickness stratification, and loss of 
nuclear polarity, which often extends to the luminal aspect of the 
epithelial cell.

Grading system of appendiceal mucinous adenocarcinoma

The PSOGI consensus panel has classified appendiceal muci-
nous adenocarcinomas and moderately and poorly differentiated 
mucinous adenocarcinoma, similar to the grading system of non-
mucinous adenocarcinoma in other gastrointestinal tracts [12]. 
However, the PSOGI consensus classification was not easy to apply 
to appendiceal mucinous adenocarcinomas. The AJCC 8th Cancer 
Staging Manual classified the appendiceal mucinous tumors as a 
three-tier grading system: G1 (well-differentiated), G2 (moder-
ately differentiated), and G3 (poorly differentiated), based on cyto-
logic features, tumor cellularity, and signet-ring components [13]. 

Appendiceal G1 (well-differentiated) tumors are low-grade 
cytology, usually lacking infiltrative invasion, and essentially refers 
to LAMN. Given that mucinous adenocarcinoma is character-
ized by infiltrative invasion and almost always exhibits at least focal 
areas of high-grade cytologic features, typical mucinous adeno-
carcinomas should be classified as either G2 (moderately differ-
entiated) or G3 (poorly differentiated) tumors [3]. Mucinous 
adenocarcinomas often show complex architecture, such as crib-
riform and complex papillary structures. The presence of signet-
ring cells is an indication of infiltrative mucinous adenocarcino-
ma. Poorly differentiated (G3) mucinous adenocarcinoma 
demonstrates infiltrative invasion, with most having signet-ring 
cells. Signet-ring cells, characterized by prominent intracytoplas-
mic mucin displacing the nucleus, may infiltrate single cells or as 

aggregates, classified as grade G3 (poorly differentiated). Most 
G3 tumors are almost entirely composed of signet-ring cells, 
while a minority of cases are composed of mixed signet-ring cells 
and glandular structures. If cancer comprises ≤ 50% signet-ring 
cells, the WHO terminology is mucinous adenocarcinoma with 
signet-ring cells or mucinous adenocarcinoma, poorly differen-
tiated. If the tumor contains > 50% signet-ring cells, the WHO 
terminology is signet-ring cell carcinoma. The microscopic find-
ings of high-grade (G2 and G3) appendiceal mucinous adeno-
carcinomas are demonstrated in Fig. 7.

Most mucinous adenocarcinomas have clinically aggressive 
behavior, infiltrating through the appendiceal wall (pT4), and 
frequently metastasize to the abdominal or pelvic peritoneum at 
diagnosis. After an appendectomy specimen, diagnosis of muci-
nous adenocarcinoma should result in subsequent right hemico-
lectomy to evaluate lymph node metastases.

Ancillary tests of appendiceal mucinous neoplasms

A limited number of studies have reported that the vast majority 
of KRAS mutations occurred in G1 and G2 tumors [4,31-35], 
and most KRAS mutations occur in 50% to 60% of Tis(LAMN) 
[4]. These data suggest that KRAS mutations are important in 
tumor initiation but may be less critical for aggressive high-
grade tumor progression. GNAS mutations, known as essential 
in abundant mucin production, are also presented in G1 and G2 
tumors but less commonly in G3 tumors [31-35]. The co-muta-
tion of GNAS and KRAS is identified in between 65% to 85% 
of cases [35,36]. Other minor mutations, including MET, PIK-
3CA, FAT4, AKT1, SMAD2, JAK3, STK11, and RB1 have 
been identified [33,37]. However, BRAF mutation, microsatel-
lite instability (MSI), and DNA mismatch repair protein deficiency 
are rarely seen in LAMN [10,38].

DISSEMINATED PERITONEAL 
MUCINOUS DISEASE

Pseudomyxoma peritonei should be avoided in pathologic 
diagnosis

Pseudomyxoma peritonei, the clinical term for disseminated 
peritoneal mucinous disease, is a syndrome and applies to a neo-
plastic condition characterized by the grossly persistent accu-
mulation of mucinous ascites in the peritoneal cavity [12]. The 
expansion of mucin within the abdominal cavity results from 
mucus following the normal flow of peritoneal fluid, redistribu-
tion of the mucin, and neoplastic cells [23]. Based on clinicopath-
ological and immunohistochemical data, most cases are due to 
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the perforation of AMNs [12,23,24,39,40]. Occasionally, muci-
nous neoplasms from other organs, including the colon, pancreas, 
ovary, and urachus, may also present with clinical appearances 
[12,23,24,39,40]. Immunohistochemical stains of cytokeratin 
20 and CDX2 may be helpful in the diagnosis of the appendi-
ceal origin (Supplementary Fig. S1). Clinically, abdominal dis-
comfort, distention, intestinal obstruction, and often omental cake 
in which the omentum transforms into a firm mass can present 
within the intraabdominal cavity [4,9,41-43]. Given this, pseu-
domyxoma peritonei is a clinical term and used mainly by oncol-
ogists and radiologists; thus, it should not be used in histo-
pathologic diagnosis [13]. The tendency of tumor cells from the 
appendix to produce abundant extracellular mucin shows slow 
infiltration into the peritoneum and underlying tissues with 
rare lymphovascular invasion relative to the overall tumor bulk 
[5]. Accurate diagnosis of AMNs and disseminated peritoneal 
mucinous disease is essential because management may include 
follow-up or radical treatment such as CRS-HIPEC [23]. 

Diagnostic terminology and classification of disseminated 
peritoneal mucinous disease

Ronnett et al. [9] classified disseminated peritoneal mucinous 

disease into three prognostically relevant categories: disseminated 
peritoneal adenomucinosis (DPAM), peritoneal mucinous carci-
nomatosis (PMCA), and PMCA with signet-ring cells [44]. How-
ever, the classification by Ronnett et al. [44] was not well estab-
lished, leading to conflicting results. Given recent updates on 
diagnostic terminology, DPAM and PMCA are no longer recom-
mended in pathology reports. Asare et al. [45] found that histo-
logic grade was an independent predictor of survival in 25,992 
patients with appendiceal cancer.

The PSOGI consensus panel has presented the diagnostic ter-
minology for disseminated peritoneal mucinous disease: low-
grade mucinous carcinoma peritonei, high-grade mucinous car-
cinoma peritonei, and high-grade mucinous carcinoma peritonei 
with signet-ring cells are equivalent to the alternative terminol-
ogy of DPAM, PMCA, and PMCA with signet-ring cells, respec-
tively. The AJCC 8th Cancer Staging Manual has proposed termi-
nologies accompanying grading based on the criteria of Misdraji 
et al. [13,46,47]. Misdraji [46] used the diagnostic terms directly 
from the appendiceal neoplasm into the peritoneum: LAMN 
(G1) with peritoneal involvement, mucinous adenocarcinoma 
moderately differentiated (G2), and mucinous adenocarcinoma 
poorly differentiated (G3). In addition, acellular mucin is classi-

Fig. 7. Various histologic features of appendiceal mucinous adenocarcinoma and signet-ring cell carcinoma. (A) Mucinous adenocarcinoma 
presents within the appendiceal wall. (B) Moderately differentiated (G2) mucinous adenocarcinoma exhibits high-grade cytology and demon-
strates infiltrating glands associated with desmoplastic stroma. (C) Mucinous adenocarcinoma markedly distorts the appendix with dissecting 
cellular pools present within the appendiceal wall. (D) Poorly differentiated (G3) mucinous adenocarcinoma demonstrates high-grade cytology 
and signet-ring cells. (E) Signet-ring cell carcinoma (G3, poorly differentiated) essentially replaces the entire wall of the appendix. (F) Neoplastic 
signet-ring cells are seen in single cells or small clusters within the dissecting mucin pools.



https://jpatholtm.org/https://doi.org/10.4132/jptm.2021.05.28

Standardization of diagnosis: appendix  •     257

A

C

B

D

fied separately. Davison et al. [4] determined that the three-tiered 
grading is the most important predictive factor of overall sur-
vival in patients with stage IV AMNs.

Grading system of disseminated peritoneal mucinous disease

Low-grade (G1, well-differentiated) mucinous carcinoma peri-
tonei, synonymous with a LAMN with peritoneal involvement, 
is defined as a mucinous neoplasm of low-grade cytology involving 
the peritoneum without infiltrative invasion or desmoplasia. 
Perineural and lymphovascular invasions are not seen. Typically, 
the neoplastic epithelial component accounts for less than 20% 
of the total mucin component. Low-grade (G1, well-differenti-
ated) mucinous carcinoma peritonei almost always arises from a 
LAMN, so the AJCC 8th Cancer Staging Manual and Misdraji 
[46] proposed the term of LAMN with peritoneal involvement 
[13]. High-grade (G2, moderately differentiated) mucinous 
carcinoma peritonei, a synonym of moderately differentiated mu-
cinous adenocarcinoma, is defined as a disseminated peritoneal 

mucinous tumor by the presence of high-grade cytology in the 
absence of signet-ring cells. The high-grade cytology criteria 
correspond to moderately differentiated (G2) appendiceal muci-
nous adenocarcinoma or HAMN. These can demonstrate diffuse 
high-grade cytology or display a mixture of low- and high-grade 
cytology areas. The cytologic features may be heterogeneous with 
low-grade areas with high-grade cytology, and this heterogeneity 
needs generous sampling for histologic evaluation. Cribriform 
complex growth and infiltrating tubular structures associated with 
stromal desmoplasia can be seen. Davison et al. [4] defined the 
high tumor cellularity as > 20% of the mucinous component. 
High-grade mucinous carcinoma peritonei with signet-ring cells 
(G3 tumor) shows high-grade cytology and invasive tumors with 
a signet-ring cell component, equivalent to poorly differentiated 
mucinous adenocarcinoma. High-grade (G2 and G3) dissemi-
nated peritoneal mucinous disease can present destructive infil-
trative invasion into the extra-appendiceal spread, peritoneum, or 
other organs, frequently associated with perineural and lympho-

Fig. 8. Histologic features of disseminated peritoneal mucinous tumors. (A) A disseminated peritoneal mucinous tumor of low-grade (G1, 
well-differentiated) without destructive invasion. The tumor cells resemble those of low-grade appendiceal mucinous neoplasm. (B) A dis-
seminated peritoneal mucinous tumor of high-grade (G2, moderately differentiated) cytology. High-grade cytology corresponds to moderately 
differentiated (G2) mucinous adenocarcinoma. (C) High-grade (G3) mucinous carcinoma peritonei with signet-ring cells presents high-grade 
cytology and invasive signet-ring cell component, equivalent to the poorly differentiated mucinous adenocarcinoma. (D) Isolated signet-ring-
like cells float within mucin pools. Degenerating tumor cells or histiocytes may exhibit signet-ring-like morphology.
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vascular invasion. The microscopic findings of a disseminated 
peritoneal mucinous tumor are presented in Fig. 8.

Diagnostic difficulty of disseminated peritoneal mucinous 
disease

The discordance grade may be presented between appendi-
ceal and peritoneal tumors. The PSOGI consensus panel recom-
mends that peritoneal grading should be used for staging purposes, 
as intraperitoneal grading is more likely to influence patient prog-
nosis [3]. However, the CAP protocol advocates that more high-
grade tumors between the appendix and peritoneum should be 
assigned to the tumor for staging. These diverse ideas can lead 
to diagnostic confusion and difficulty; thus, more advanced inves-
tigations concerning prognosis are required. Regarding the poten-
tial discrepancy between G2 and G3 tumors, Breadly and Carr 
[40] recommended that more than 10% of the signet-ring cell 
components should be identified in the diagnosis of G3 tumors. 
Because degenerating tumor cells or even histiocytes floating 
within mucin pools without destructive invasion may often exhibit 
signet-ring cell-like features (Fig. 8D). Sirintrapun et al. [48] 
reported that isolated signet cells within mucin pools are less 
prognostically significant than those found in invading tissue. 
We surveyed the best criterion of a focal lesion with signet-ring 
cells at the workshop, and the results are shown in Supplemen-
tary Data S2.

The pathologic grade is an independent prognostic factor in 
patients with stage IV mucinous appendiceal neoplasms. Pa-

tients with high-grade (G2 or G3) disseminated peritoneal mu-
cinous tumors have significantly worse survival than patients 
with low-grade (G1) tumors. Therefore, for high-grade dissemi-
nated peritoneal mucinous tumors, systemic chemotherapy fol-
lowed by the option of CRS-HIPEC is recommended according 
to the therapeutic response [4,45,49-52].

Biologic behavior codes of primary and metastatic tumors

The ICD-O3 code is 8480/6 in secondary disseminated perito-
neal mucinous disease regardless of the grading; however, ICD-
O3 is 8480/3 in the primary or unknown origin of disseminat-
ed peritoneal disease [53]. The histologic grade, behavior codes, 
diagnostic terminologies, and criteria for acellular mucin and 
disseminated peritoneal mucinous disease are summarized in 
Table 4. In addition, the checklist of standard data elements of 
the appendiceal epithelial tumors, including disseminated peri-
toneal mucinous disease, is presented in Table 5.

OTHER APPENDICEAL EPITHELIAL TUMORS

Non-mucinous adenocarcinoma and adenoma

Non-mucinous adenocarcinoma is less common than muci-
nous adenocarcinoma [1]. Uemura et al. [54] reported that non-
mucinous adenocarcinoma is biologically distinct from the muci-
nous subtype and shows mostly moderate to poorly differentiated 
with frequent peritoneal metastasis. The histopathologic find-
ings and tumor grading of non-mucinous adenocarcinoma are the 

Table 4. Histologic grade, behavior codes, terminology, and diagnostic criteria for secondary disseminated peritoneal mucinous disease

Lesion Grade
Behavior codes Terminology

Criteria Treatment
ICD-O3 KCD-8 PSOGI/Carr [12] AJCC/Misdraji [10]

Mucin without 
tumor cells

- 8480/6 C78.6 Acellular mucin Acellular mucin Mucin within the peritoneal cavity without 
neoplastic epithelial cells

CRS-HIPEC

Mucinous tumor 
with low-grade 
histologic 
features 

G1 8480/6 C78.6 Low-grade mucinous 
carcinoma peritonei

LAMN with 
peritoneal 
involvement

Scanty (≤ 20% cellularity)
Strips, gland-like or small clusters
Low-grade cytological atypia
Not more than occasional mitosis
Pushing invasion

CRS-HIPEC

Mucinous 
tumor with 
high-grade 
histologic 
features

G2 8480/6 C78.6 High-grade mucinous 
carcinoma peritonei

Mucinous 
adenocarcinoma, 
moderately 
differentiated

More cellular (> 20% cellularity)
Cribriform growth
Mixed but mostly high-grade cytological 

atypia
Numerous mitoses
Destructive infiltrative invasion

Systemic chemotherapy 

± CRS-HIPEC 

Mucinous tumor 
with signet-ring 
cells 

G3 8480/6 C78.6 High-grade mucinous 
carcinoma peritonei 
with signet-ring cells

Mucinous 
adenocarcinoma, 
poorly 
differentiated

Any lesion with signet-ring cells 
(degenerating cells within mucin that 
mimic signet-ring cells should be 
discounted)

Systemic chemotherapy 

± CRS-HIPEC

Note that ICD-O3 and KCD-8 codes of primary or unknown origin disseminated peritoneal mucinous disease are 8480/3 and C80.0, respectively.
ICD-O3, International Classification of Diseases for Oncology, 3rd edition; KCD-8, Korean Classification of Disease, 8th edition; PSOGI, Peritoneal Surface 
Oncology Group International; AJCC, American Joint Committee on Cancer; CRS-HIPEC, cytoreductive surgery with hyperthermic intraperitoneal chemother-
apy; LAMN, low-grade appendiceal mucinous neoplasm.
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same as conventional colorectal adenocarcinoma [1]. Non-muci-
nous adenocarcinoma demonstrates a high level of MSI. The 
frequency of KRAS mutation is similar in both colorectal ade-

nocarcinomas and appendiceal non-mucinous adenocarcinomas, 
but the molecular pathogenesis is different [38,55,56]. The PSO-
GI panel prefers to confine “adenoma” to lesions that resemble 

Table 5. Checklist of standard data elements of appendiceal epithelial tumors

Specimen type

 Appendectomy
 Appendectomy and right colectomy
 Other: (specify: ____________________)

Tumor size

_______ × _______ × _______ cm

Tumor site

 Proximal half of appendix
 Distal half of appendix
 Diffusely involving appendix
 Other: (specify: ____________________)

Histologic types (WHO 5th Digestive System Tumors) [1]

 Low-grade appendiceal mucinous neoplasm (LAMN)
 High-grade appendiceal mucinous neoplasm (HAMN)
 Mucinous adenocarcinoma
 Non-mucinous adenocarcinoma
 Signet-ring cell carcinoma
 Goblet cell adenocarcinoma
 Large cell neuroendocrine carcinoma
 Small cell neuroendocrine carcinoma
 Mixed neuroendocrine-non-neuroendocrine carcinoma (MiNEN)
 Medullary carcinoma
 Adenosquamous carcinoma
 Undifferentiated carcinoma
 Other histologic type not listed (specify: ____________________)

Histologic grade

 G1: Well differentiated 
 G2: Moderately differentiated
 G3: Poorly differentiated
 GX: Cannot be assessed
 Other: (specify: ____________________)

Disseminated peritoneal mucinous disease

 Not identified
 Present
 Low-grade mucinous carcinoma peritonei/LAMN (G1) with peritoneal involvement
 High-grade mucinous carcinoma peritonei/Mucinous adenocarcinoma, moderately differentiated (G2)
 High-grade mucinous carcinoma peritonei with signet-ring cells / Mucinous adenocarcinoma, poorly differentiated (G3)

Resection margins including proximal and mesenteric margins

 Cannot be assessed
 Uninvolved by tumor 
 Distance of tumor from the closest margin: _____ mm

 Involved by tumor
 Involved by invasive carcinoma ( Proximal margin,    Mesenteric margin)
 Involved by appendiceal mucinous neoplasm ( Proximal margin,    Mesenteric margin)
 Involved by acellular mucin ( Proximal margin,    Mesenteric margin)

Lympho-vascular invasion

 Not identified       Present       Cannot be determined

(Continued to the next page)
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Table 5. Continued

Perineural invasion

 Not identified       Present       Cannot be determined

Tumor deposits

 Not identified       Present       Cannot be determined

Regional lymph nodes

 No lymph nodes submitted or found
 Total number of lymph nodes examined: _______
 Number of lymph nodes involved with metastases: _______

Pathologic stage classification (pTNM, AJCC 8th edition) [13]

TNM Descriptors:  m (multiple)      r (recurrent)      y (post-neoadjuvant therapy)

Primary tumor (pT)

 pTX: Primary tumor cannot be assessed
 pTX0: No evidence of primary tumor
 pTis: Carcinoma in situ (high-grade dysplasia); intraepithelial carcinoma; invasion of lamina propria (intramucosal carcinoma)
 pTis(LAMN): ‌�LAMN confined to the appendix (defined as involvement by acellular mucin or mucinous epithelium that may extend into the muscularis 

propria)
 pT1: Tumor invades submucosa (does not apply to LAMN)
 pT2: Tumor invades muscularis propria (does not apply to LAMN)
 pT3: Tumor invades through the muscularis propria into the subserosa or mesoappendix
 pT4: ‌�Tumor invades the visceral peritoneum, including the acellular mucin or mucinous epithelium involving the serosa of the appendix or 

mesoappendix, and/or directly invades adjacent organs or structures
 pT4a: ‌�Tumor invades the visceral peritoneum, including the acellular mucin or mucinous epithelium involving the serosa of appendix or serosa 

of mesoappendix 
 pT4b: Tumor directly invades other organs or structures 

Regional lymph nodes (pN)

 pNX: Regional lymph nodes cannot be assessed
 pN0: No regional nodal metastasis
 pN1: ‌�One to three regional lymph nodes are positive (tumor in lymph nodes measuring ≥ 0.2 mm), or any number of tumor deposits is present, and all 

identifiable lymph nodes are negative
 pN1a: One regional lymph node is positive
 pN1b: Two or three regional lymph nodes are positive
 pN1c: No regional lymph node metastasis, but tumor deposits in the subserosa or mesentery

 pN2: Metastasis in 4 or more regional nodes

Distant metastasis (pM)

 Not applicable
 pM1: Distant metastasis
 pM1a: Intraperitoneal acellular mucin only
 pM1b: Intraperitoneal metastasis only, including mucinous epithelium
 pM1c: Non-peritoneal metastasis

Additional pathologic findings or pre-existing lesions

 None 
 Other: (specify: ____________________)

Ancillary studies

 Specify: ____________________

conventional adenomas of the colorectum limited to the mucosa 
and intact muscularis mucosae without luminal dilatation or 
expansile growth pattern [12,23]. Based on this, appendiceal 
adenomas are uncommon, and many neoplasms that were previ-
ously reported as adenomas are now classified as LAMN or ser-
rated lesions. For example, a villous lesion showing serration with 
conventional dysplasia and intact muscularis mucosae without 

pushing invasion should be called a serrated dysplasia rather than 
a villous adenoma. The WHO 5th Digestive System Tumors and 
CAP protocol recommend that appendiceal adenoma should be 
restricted to the precursor lesion of non-mucinous adenocarci-
noma [1,14,22]. The histologic findings of non-mucinous ade-
nocarcinoma arising in adenoma are presented in Fig. 9A–C.
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Goblet cell adenocarcinoma

Goblet cell adenocarcinoma can occur almost exclusively in 
the appendix and is sometimes difficult to differentiate from 
AMNs and non-mucinous appendiceal tumors. Goblet cell ade-
nocarcinoma, previously called goblet cell carcinoid or mucinous 
carcinoid, is a rare and aggressive tumor [1]. The tumor com-
ponents are goblet-like cells and variable numbers of neuroen-
docrine cells and Paneth-like cells, and it is characteristically ar-
ranged as tubules similar to intestinal crypts [1]. The classic 
low-grade tumor displays tubular or clustered growth and small 
groups of cohesive goblet cells, whereas the high-grade tumor 
shows infiltrating tumor cells, convoluted anastomosing tubules, 
cribriform masses, irregular solid pattern, and large aggregates of 
goblet cells or signet-ring cells [57]. Nonaka et al. [58] found 
that neuroendocrine cells are inconsistent and not essential in 
the tumor component. For this reason, pathologists must find at 
least a focal lesion of classical low-grade tumor component to 
diagnose as a goblet cell adenocarcinoma.

Several classification and grading systems have been described. 
Tang et al. [59] classified goblet cell adenocarcinomas into three 
groups based on the histopathologic features: group A (typical 
goblet cell carcinoid), group B (adenocarcinoma ex-goblet cell 

carcinoid, signet-ring cell type), and group C (adenocarcinoma 
ex-goblet cell carcinoid, poorly differentiated type). Recently, 
the WHO 5th Digestive System Tumors classified goblet cell ade-
nocarcinomas into a three-tiered grading system, based on the 
proportion of the tumor cells that consists of low-grade and high-
grade patterns as follows: grade 1, > 75% of low-grade pattern 
or < 25% of high-grade pattern; grade 2, 50%–75% of low-grade 
pattern or 25%–50% of high-grade pattern; and grade 3, < 50% 
of low-grade pattern or > 50% of the high-grade pattern [1,60]. 
Nonaka et al. [58] reported that the high-grade component per-
centage was correlated with cancer-specific survival. The histo-
logical and immunohistochemical findings of goblet cell adeno-
carcinoma are presented in Fig. 9D–F. The pathogenesis 
remains entirely elusive. It is generally believed that it is derived 
from the pluripotent stem cells at the crypt base that can undergo 
dual glandular and neuroendocrine differentiation.

CONCLUSION

The GPSG-KSP presents a “Standardization of the Pathologic 
Diagnosis of the Appendiceal Mucinous Neoplasm.” This article 
focuses on the diagnostic criteria, terminology, grading, staging, 

Fig. 9. Histologic features of non-mucinous adenocarcinoma and goblet cell adenocarcinoma. (A) Co-existing adenoma and non-mucinous 
adenocarcinoma of the appendix. (B) Low-grade adenoma of the appendix resembles conventional adenoma of the colorectum. The muco-
sal architecture is well preserved with intact muscularis mucosae without a pushing invasion pattern. (C) Non-mucinous adenocarcinoma 
displays moderately differentiated and 50% to 95% gland formation. (D) Low-grade (G1) goblet cell adenocarcinoma shows small clusters 
composed of cohesive goblet cells and a few Paneth-like cells, displaying mostly low-grade patterns. (E) Low-grade (G1) goblet cell adeno-
carcinoma, immunohistochemistry of synaptophysin shows positive expression in neuroendocrine cells. (F) High-grade (G3) goblet cell ade-
nocarcinoma displays > 50% high-grade patterns.
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biologic behaviors, treatment, and prognosis of AMNs and dis-
seminated peritoneal mucinous disease. In addition, we propose 
a checklist of standard data elements of the appendiceal epithe-
lial neoplasms. We hope that the present article will lead to the 
standardization of the pathologic diagnosis of AMNs and dis-
seminated peritoneal mucinous disease and improvement in the 
communication between pathologists and between pathologists 
and clinicians.
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Palmar and plantar fibromatoses are both benign, superficial, 
proliferative processes of the palmar and plantar aponeuroses, 
respectively, caused by the proliferation of fibroblasts and myo-
fibroblasts. Other terms used for this in the clinical setting are 
Dupuytren disease or contracture for palmar fibromatosis and 
Ledderhose disease or morbus Ledderhose for plantar fibromatosis. 
This review will offer insights into the epidemiology, clinical 
features, pathophysiology, imaging characteristics, treatment, 
and prognosis of these common entities.

ETIOLOGY AND PATHOGENESIS

Palmar fibromatosis is the most common type of superficial 
fibromatosis affecting approximately 1%–2% of the population. 
The prevalence increases with the patient’s age to where approxi-
mately 20% of the population at age 65 suffers from this disease. 
Males are more often affected, with a male to female ratio of 
3–4:1. It can affect both the metacarpophalangeal and proximal 
interphalangeal joints [1]. Half of the cases affect both hands. 

Patients of northern European ancestry are most commonly af-
fected and the disease is rare in the black population.

Palmar fibromatosis is associated with diabetes, smoking, re-
petitive vibrational trauma and is thought to be caused by fibro-
genic cytokines [2]. The process is characterized by a proliferation 
of fibroblasts followed by their differentiation into myofibroblasts 
and the production of extracellular matrix. Fibroblast growth fac-
tor, wingless/integrated (Wnt), and transforming growth factor β 
have all been proposed as having a role in disease progression 
[3-7]. 

The prevalence of plantar fibromatosis is not currently well 
characterized and is now on the National Institutes of Health 
list of rare diseases [8]. The disease process usually affects the 
medial and central bands of the plantar aponeurosis of middle-
aged patients, although several reports of patients less than 16 
years old to as young as 9 months have been published [9]. Ap-
proximately 25% of cases are bilateral with males being more 
affected than females [10]. A possible genetic predisposition has 
been suggested, as two genetic variants were found in a genome 
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wide association study where one indel (chr5:118704153:D) 
and one single nucleotide polymorphism (rs62051384) were 
detected [11].

The etiology of plantar fibromatosis is not currently under-
stood, but has been associated with long-term phenobarbital 
use for epilepsy, frozen shoulder, smoking, alcohol addiction, 
diabetes, and repeated trauma [8,12]. The disease process ad-
vances through several phases. There is first the proliferative 
phase in which increased fibroblastic activity and cellular prolif-
eration is seen. This is followed by the active phase where nodule 
formation occurs. Finally, there is the residual phase consisting 
of collagen deposition, scar formation and tissue contracture. 

CLINICAL FEATURES AND RADIOLOGY

The diagnosis of both plantar and palmar fibromatosis is usu-
ally made clinically, although occasionally histologic confirma-
tion may be necessary. Palmar fibromatosis often presents with 
subcutaneous nodules on the distal volar aspect which puckers 
the overlying skin as it ages. The process leads to painful flexion 
contracture, most commonly of digits 4 and 5, due to cord-like 
expansion of the digital aponeurotic slips (Fig. 1A, B). Deeper 
structures such as the tendons or skeletal muscle are not involved. 
Plantar disease is concurrently seen in 10% of patients, while an 
additional 1%–4% have penile fibromatosis (Peyronie disease). 
Ultrasound of the hand shows nodules superficial to the flexor 
tendons in superficial fascia. The early lesions are hypoechoic 
with hypervascularity while more chronic lesions become more 
hyperechoic without vascularity [13]. The subcutaneous nodules 
on magnetic resonance imaging (MRI) are typically uniformly 
of low signal intensity on both T1 and T2 [14].

Plantar fibromatosis presents with single or multiple slow 

growing subcutaneous nodules located in the medial or central 
plantar aponeurosis measuring 0.5 to 3.0 cm in diameter. These 
are initially painless but are later associated with pain after stand-
ing or walking, typically on the medial aspect of the sole. Plantar 
disease is associated with concomitant palmar and penile fibro-
matoses, along with keloids. Unlike palmar disease, plantar fibro-
matosis is usually not associated with contractures [15]. Radio-
graphs of the foot are usually normal. Ultrasonography is seen 
as superior to MRI, where hypoechogenic to mixed lesions are 
embedded on the plantar fascia and less reflective to the much 
brighter plantar fascia surrounding it with sharp juxtaposition 
[16]. The plantar fascia shows discrete, fusiform, multinodular 
thickening [17]. Alternating linear bands of hypoechogenicity 
and isoechogenicity relative to the plantar fascia, known as the 
Comb sign, is seen in 51% of cases [18]. MRI demonstrates nod-
ules that appear as focal oval-shaped areas of disorganization em-
bedded in the plantar fascia [16]. T1-weighted images show iso-
metric to low signal intensity as compared to muscle, while T2-
weighted MRI shows low to intermediate signal [17,19].

PATHOLOGIC FINDINGS

Palmar fibromatosis presents macroscopically as small nodules 
or nodular masses associated with aponeuroses and subcutaneous 
fat (Fig. 2) with a gray to yellow to white cut surface, the exact 
nature of the color depending on the amount of collagen content. 
Cytologic examination is usually limited to touch preparations 
made during the rare specimen sent for frozen section (Fig. 3A, 
B). These are usually hypocellular with clusters of bland spindle 
cells with oval to elongated nuclei. Nuclear atypia and mitotic 
activity are not present. The microscopic features depend on the 
age of the lesion. In the proliferative phase, there are uniform, 

Fig. 1. (A, B) Bilateral nodules in the distal palmar crease and contractures involving the fourth digit.
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plump, spindle cells (myofibroblasts and fibroblasts) with bland 
nuclei and indistinct nucleoli, usually with a “bluer” appearance 
than the surrounding aponeurotic tissue (Figs. 4–6). The stro-
ma contains a moderate amount of collagen and elongated ves-
sels. In older, less cellular lesions, the collagenous content is 
denser. Occasionally, attachment to the overlying dermis or car-
tilaginous metaplasia can be seen. There is usually no infiltration 
into surrounding tissue beyond the subcutis. 

The gross and microscopic characteristics of plantar fibroma-
tosis are similar to its palmar counterpart (Figs. 7–9). Evans de-
scribed the presence of a variable number of multinucleated giant 
cells found during the proliferative phase [20]. The formation 
of nodules is seen during the active phase while the less cellular, 
more collagenous residual phase often has a prominent chronic 
inflammatory component and hemosiderin deposition.

Immunohistochemical studies are usually not necessary for di-

agnosis due to the characteristic histology of these lesions. Vimen-
tin is uniformly reactive while muscle specific and smooth mus-
cle actins are variable. Infrequently, desmin may show reactivity. 
Keratins, CD34, epithelial membrane antigen, and S-100 should 
all be negative. Beta-catenin is negative in plantar fibromatosis, 
but aberrant nuclear staining in palmar fibromatosis is common 
[21,22].

MOLECULAR AND CYTOGENETICS

Palmar fibromatosis is usually considered a reactive, as opposed 
to neoplastic, lesion [23]. The lesions are near diploid, often with 
trisomy 7 or 8, and show no gene amplifications or deletions [24]. 
Loss of the Y chromosome may be seen [25]. Aberrations in the 
Wnt signaling pathway are common; however, no somatic mu-
tations of beta-catenin genes, as seen in desmoid fibromatosis, are 
present [6,22,26,27].

Like palmar fibromatosis, plantar fibromatosis is near diploid, 
often with trisomy 7 or 8, and does not contain somatic muta-
tions of beta-catenin genes [22]. Trisomy 14 has also been reported, 
along with a case containing a clonal reciprocal t(2;7) (p13;p13) 
[28,29]. 

DIFFERENTIAL DIAGNOSIS

The clinical, gross, and histologic features of palmar and plan-
tar fibromatosis are quite characteristic and the diagnosis is usu-
ally straightforward. However, it is important to keep in mind 
some of the differential diagnoses. Spindle cell sarcomas, such as 
synovial sarcoma and malignant peripheral nerve sheath tumor 
(MPNST), and epithelioid sarcoma should not be missed as the 

Fig. 3.  (A, B) Touch prep of a specimen sent for frozen section showing clusters of loosely arranged spindle cells with bland fusiform nuclei 
without atypia or mitotic figures.

Fig. 2. Excised contraction band of palmar fibromatosis with sur-
rounding soft tissue.
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Fig. 9. Cellular proliferation of immature fibroblasts and myofibro-
blasts with plump to fusiform nuclei (left) well demarcated from the 
less cellular and more collagenous plantar fascia (right).

Fig. 8. Large nodule of immature fibroblasts and myofibroblasts 
(lower 1/2) with pushing and locally infiltrating borders into the 
plantar aponeurotic tissue (upper 1/2).

Fig. 7. Nodular proliferation of immature fibroblasts and myofibro-
blasts embedded within the plantar aponeurosis.

Fig. 6. Tendinous tissue with interspersed fascicles of a bland ap-
pearing immature spindle cell proliferation in both longitudinal and 
cross sections.

treatment and prognosis is vastly different. Epithelioid sarcoma 
commonly presents in the hand but cells will show a distinctive 
epithelioid appearance with abundant eosinophilic cytoplasm. 

Central necrosis and/or hyalinization is often seen. Epithelioid 
sarcoma is characteristically reactive for cytokeratins and CD34 
and shows a loss of nuclear staining for SMARCB1 (INI-1). 

Fig. 4. Immature fibroblastic proliferation (lower 1/2) well-demar-
cated from the involved tendon (upper 1/2).

Fig. 5. Higher magnification showing the immature fibroblastic pro-
liferation (lower 2/3 of the field) involving normal fibrous tissue (up-
per 1/3).
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Clinically, plantar fibromatosis that has not formed nodules 
may be confused with a calcaneal stress fracture, tarsal tunnel syn-
drome, or plantar fasciitis [10]. With the development of nodules, 
malignancies such as melanoma, synovial sarcoma, and Kaposi 
sarcoma may be of concern. On a histologic level, calcifying apo-
neurotic fibroma can be excluded as plump or epithelioid fibro-
blasts palisading around cartilage and spotty calcification is seen 
in this entity and not in plantar fibromatosis. As in the hand, 
desmoid-type fibromatosis is rare in the feet and infiltrates skel-
etal muscle. These lesions are also usually greater than 3 cm and 
often shows nuclear beta-catenin reactivity in more than 80% of 
cases. Plantar fibromatosis also may raise the differential diag-
noses of synovial sarcoma and MPNST. If these are of concern, 
fluorescence in situ hybridization (SS18) and immunohistochem-
istry (i.e., S-100, SOX-10, H3K27me3) may be employed to assist 
in this differential.

TREATMENT AND PROGNOSIS

Observation is an option for palmar fibromatosis, while exci-
sion or incision of the contracture band may be necessary if the 
contracture results in functional disability and the total flexion 
deformity is greater than 30 degrees [30] (Figs. 10A, B). Unfor-
tunately, the lesion often recurs. Collagenase (clostridial collage-
nase histolyticum) has been recently investigated as a treatment 
option [8,30,31]. The disease course seems to cause greater mor-
bidity for white men with a strong family history, those with bi-
lateral involvement, severe disease and ectopic manifestations [32]. 

As with palmar fibromatosis, conservative measures should 
be used for plantar fibromatosis prior to recommending surgery. 
If surgery is performed for symptomatic lesions, complete fasci-
ectomy has fewer recurrences than local and wide excisions 

Fig. 10. (A, B) Patient from Fig. 1 after removal of the contraction band and resolution of the contracture of the fourth digits.

[8,10,33]. Along with collagenase, several nonoperative treat-
ments such as steroid injections, verapamil, radiation therapy, 
extracorporeal shock wave therapy, and tamoxifen have all had 
variable scientific support [10]. Those with bilateral involvement, 
multiple nodules, and a positive family history have a worse prog-
nosis [34]. 

CONCLUSION

Palmar and plantar fibromatoses are related entities that to-
gether form a relatively common diagnostic group encountered 
in surgical pathology. Further study is needed to ascertain the eti-
ology of these diseases as treatment options currently are limited 
with a high rate of recurrence. Recognizing the basic clinical, 
radiographic, and pathologic features is important to arrive at the 
correct diagnosis. 
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Breast cancer is the most common and deadly type of cancer in 
women, accounting for 25% of all cancers in women. The 2018 
global breast cancer incidence reached 2.09 million new cases 
[1]. Breast cancer results from a tumor that arises from uncon-
trolled proliferation of breast tissue. To improve identification, 
histological breast cancer classification is divided into two types 
based on the relationship to the basement membrane: non-in-
vasive breast carcinoma (nIBC) and invasive breast carcinoma 
(IBC) [2]. IBC has faster progression, many subtypes, and is 
more common than nIBC. Among the IBC subtypes, 70% are 
invasive breast carcinoma of no special type (IBC-NST) [2]. 
Higher breast cancer grades indicate worse prognosis, and the 
likelihood of metastasis is greater in carcinomas with poor grad-
ing, such as with IBC-NST. Metastasis is a progression stage 
wherein cancer cells spread and invade other organs [3]. Metas-
tasis occurs by forming new cancer cell colonies in other healthy 

body tissues, further reducing patient prognosis [3]. In IBC-
NST, the most common body tissue for metastases is axillary 
lymph nodes, hereinafter referred to as lymph-node metastasis 
(LNM). 

Various efforts to improve LNM prediction have been made 
for tertiary prevention in breast cancer patients, one of which is 
identification of specific IBC-NST biomarkers [4]. Many stud-
ies have investigated potential IBC-NST biomarkers, including 
AKT, which is a protein involved in IBC-NST progression. 
AKT is located in the cell membrane, and cytoplasm activates 
various downstream protein substrates that instigate cancer 
progression [5]. However, according to a systematic review by 
Yang et al. [6], many studies have produced inconsistent find-
ings regarding the role of AKT in breast cancer. These discrep-
ancies might be because AKT is thought to have three iso-
forms—AKT1, AKT2, and AKT3—each of which has distinct 
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and opposing roles [7]. AKT3 has not been widely studied, but 
it is suspected to play a greater role in triple-negative breast 
cancer [7]. AKT1 plays a role in proliferation through upregu-
lation of cyclin D1, but it is thought to inhibit cell migration 
and invasion through downregulation of β1-integrin and focal 
adhesion kinase (FAK) [7]. In contrast, AKT2 is thought to in-
duce cell migration and metastasis through induction of vimen-
tin and F-actin [7]. Responding to this problem, we see the po-
tential for AKT2 as a predictor of LNM in IBC-NST. AKT2 is 
one of the proteins involved in cancer invasion pathways and 
epithelial mesenchymal transition (EMT), both of which affect 
patient prognosis [8]. However, there are no studies into AKT2 
as a predictor of LNM in IBC-NST. Therefore, this study inves-
tigates the role of AKT2 expression as a potential predictor of 
LNM in IBC-NST and assesses its potential as a predictive bio-
marker of IBC-NST. 

MATERIALS AND METHODS

Study design and data collection

This is a cross-sectional study that was conducted in the Ana-
tomical Pathology Laboratory of the Faculty of Medicine at the 
University of Indonesia from December 2019 to December 
2020. The study conforms with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki) [9]. Data retrieved 
from the 2019 and 2020 departmental archives were patient 
age, tumor subtype (limited to IBC-NST), tumor grade (based 
on Nottingham Grading System [10]), tumor size, lymphovas-
cular invasion (LVI), and LNM. AKT2 expression data were ob-
tained through quantification of immunohistochemistry (IHC) 
staining results.

Samples

The samples evaluated in this study were primary tumor par-
affin blocks from breast mastectomy in Asian females that had 
been diagnosed histopathologically with IBC-NST, either with 
or without metastasis into adjacent lymph nodes. Samples having 
an additional histopathological diagnosis other than IBC-NST 
(e.g., invasive lobular carcinoma, medullary carcinoma, papil-
lary carcinoma), systemic comorbidities (hypertension, diabetes 
mellitus, etc.), or damaged paraffin blocks (e.g., paraffin blocks 
with tumor masses cut or eaten by animals, etc.) were excluded.

Samples were classified according to presence or absence of 
LNM. The minimum sample size was calculated with alpha = 

5%, confidence interval (CI) = 95%, and power = 80%. Conse-
quently, a minimum of 23 samples was required for each group. 

We obtained 24 samples for the metastatic lymph node group 
and 24 samples for the non-metastatic lymph node group. To 
avoid bias, grouping data were accessed by a single researcher 
(K.K.), and the other researchers were blind to patient groupings 
until the research process was complete.

Slide preparation and IHC staining

Slide preparation was performed by cutting the tissue in a par-
affin block using a microtome to a thickness of 3–5 µm. Next, 
the sample was heated on a slide warmer (30–60 minutes) at 58°C, 
deparaffinized using stratified xylol (Merck, Jakarta, Indonesia) 
for 5 minutes, rehydrated in alcohol (Merck) for 5 minutes, and 
rinsed with water for 5 minutes. Each slide was pre-treated with 
heat-induced retrieval antigen using 0.1 M NaOH citrate buffer 
pH 7.0 (Brataco Inc., Jakarta, Indonesia) in an autoclave at 
121°C for 15 minutes and then washed in phosphate buffered 
saline (PBS) pH 7.4 (Brataco Inc.) for 5 minutes. Blocking was 
performed using hydrogen peroxide (Brataco Inc.) in 3% v/v 
methanol (Brataco Inc.) for 30 minutes at room temperature. 
Next, it was washed under running water for 5 minutes, followed 
by nonspecific protein blocking with universal Background 
Sniper (Abcam, Jakarta, Indonesia) for 15 minutes. After the 
blocking process, the slides were incubated for 1 hour with anti-
AKT2 antibody (Abcam) at a 1:100 dilution and then washed 
in PBS for 5 minutes. Subsequently, the slides were incubated 
with biotinylated secondary antibody (Abcam) for 30 minutes 
and washed in PBS for 5 minutes. Diaminobenzidine tetrahy-
drochloride (Abcam) was dropped onto a slide and counter-
stained with Lillie-Mayer's hematoxylin (Abcam) for 2 minutes. 
Subsequently, the slides were immersed in lithium carbonate 
(Merck) for 2 minutes followed by graded alcohol dehydration 
(5 minutes) and graded xylol clearing (5 minutes). Finally, the 
sections were covered with a liquid cover, which is an aqueous 
mounting media. The stained sections were subsequently exam-
ined for AKT2 expression. Negative and positive controls were 
included for each staining. The negative control was established 
by eliminating the primary antibody administration step.

Quantification of AKT2 expression

Immunohistochemical staining assessment was performed by 
two experienced researchers (P.R. and K.A.B.). Each preparation 
was observed using a light microscope at 400x magnification 
and was documented using Leica LAZ EZ software (Jena, Germa-
ny) and a camera that was integrated with a Leica DM750 micro-
scope. AKT2 expression was assessed in at least 500 tumor cells 
from 5 high-power visual fields (×400) that were chosen ran-



https://jpatholtm.org/https://doi.org/10.4132/jptm.2021.04.26

AKT2 predicting breast cancer metastasis  •     273

domly. Each region was represented by a minimum of 100 tumor 
cells. AKT2 positivity was represented by brown staining of the 
tumor cell membrane and cytoplasm.

Staining intensity was categorized into no staining (0), low 
positive (1+), positive (2+), and high positive (3+) based on the 
intensity of the brown color observed in each view field using the 
cell counter function in ImageJ [11]. The H-score was calculated 
to quantify AKT2 expression and was based on the following 
formula [12]: 

H-score = ‌�(% low positive × 1) + (% positive × 2) +  

(% high positive × 3) 	 (1)

Two observers (P.R. and K.A.B.) independently calculated 
the H-scores for all samples. To avoid bias, the results of the 
previously assessed calculations were reported to the statistician 
(E.W.) until the entire sample was assessed. The mean H-score 
of the two observers was used for statistical analyses.

Statistical analyses

Data were entered into a master table using Microsoft Excel 
2013 (Microsoft Corp., Redmond, WA, USA), and the tabulated 
data were analyzed using the SPSS ver. 20 (IBM Corp., Armonk, 
NY, USA) and visualized using GraphPad Prism 8 (GraphPad 

Software, Inc., La Jolla, CA, USA). Variability in H-score between 
the two observers was compared with the intraclass correlation 
coefficient (ICC) to assess data reliability. The ICC model used a 
two-way mixed average measurement with absolute agreement. 
ICC values were grouped according to 95% confident intervals 
of the ICC estimate: poor, < 0.5; moderate, 0.5–0.75; good, 
0.75–0.9; and excellent, > 0.90. 

H-scores of the two observers were averaged and grouped into 
high or low groups using the median H-score as the cutoff (me-
dian split approach) [13,14]. This grouping describes AKT2 
expression in each sample. A bivariate analysis was performed 
to compare age (< 50 years or ≥ 50 years), tumor grade (high or 
low), tumor size (≤ 5 cm or > 5 cm), LVI (yes or no), and AKT2 
expression (high or low) against LNM (yes or no). All variables 
that have a p < .2 in bivariate analysis will be included in multi-
variate multiple logistic regression models using the backward 
logistic regression method. The discrimination capacity of the 
model was calculated from the area under the receiver operating 
characteristic (AUROC) curve. A p-value less than .05 was con-
sidered statistically significant.

The receiver operating characteristic (ROC) curve for the 
AKT2 H-score was analyzed, for which we included H-score as a 
continuous variable. ROC was determined according to the area 
under the curve (AUC) that was grouped as follows: 0.5, no dis-

Fig. 1. Immunohistochemical staining for AKT2 expression in IBC-NST tumor cells: (A) high positive, (B) positive (C) low positive, and (D) no 
staining. IBC-NST, invasive breast carcinoma of no special type.

A

C

B

D
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Fig. 2. Dot plot depicting the distribution of H-score between two observers over the entire sample.

crimination; 0.7–0.8, acceptable; 0.8–0.9, excellent; and > 0.9, 
outstanding. The AKT2 expression cutoff value was assessed from 
the ROC curve based on the highest Youden Index [15] and the 
lowest K-Index [16]. The Youden Index uses the maximum 
vertical distance of the ROC curve from the (x, y) point on the 
diagonal (chance) line.

RESULTS

IHC staining and H-score reliability

All 48 samples underwent immunohistochemical staining 
for AKT2 expression. Representative immunohistochemical 
staining results are shown in Fig. 1A–D. Each image represents 
a sample of tumor cells with different staining groups: high 
positive (A), positive (B), low positive (C), and no staining (D). 
The images include several visual fields from the same slide. 
These photos also show that, in one slide, sometimes even in one 
visual field, several cells can be found with different intensities. 
AKT2 expression can be observed in the cell membrane and cy-
toplasm. The intensity of brown color in these areas was quanti-
fied into an H-score for further assessment.

Two observers (P.R. and K.A.B.) assessed all 48 samples inde-
pendently. The distribution of H-scores within each sample can 
be seen in Fig. 2. Reliability between any two measurements 
was determined to be moderate. The average measure ICC was 
0.726 (95% CI, 0.509 to 0.847; F (47.47) = 3.593; p < .001).

Association between AKT2 expression and LNM

The clinicopathologic characteristics of each sample are pre-
sented in Table 1. Each of these variables is a covariate that can 
have a role in LNM occurrence. Therefore, we considered the 
role of each variable by conducting bivariate tests to evaluate 
their relationships with LNM. Bivariate analyses of several vari-
ables were performed to assess their association with LNM (Ta-
ble 2), including patient age (< 50 years or ≥ 50 years), tumor 
grade (grade III [high] or grade I–II [low]), tumor size (≤ 5 cm 
or > 5 cm), LVI (yes or no), and AKT2 expression (high or low).

Bivariate analysis results indicated a significant relationship 

Table 1. Frequency distribution based on clinicopathological char-
acteristics

Clinicopathological characteristic No. (%)

Age (yr)
≥ 50 27 (56.3)
< 50 21 (43.8)
Mean ± SD 50.9 ± 12.3
Median (min–max)    50 (29–75)

Tumor grade
Grade I   5 (10.4)
Grade II 16 (33.3)
Grade III 27 (56.3)

Tumor size (cm)
< 2 2 (4.2)
2–5 28 (58.3)
> 5 18 (37.5)

Lymphvovascular invasion
Yes   27 (56.3)
No   21 (43.8)
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between AKT2 expression and LNM (p = .009). LVI also was 
significantly associated with LNM (p = .020). There was no sig-
nificant association between patient age, tumor grade, or tumor 
size and LNM. Because both AKT2 expression and LVI showed 
significant associations with LNM, they were included in a 
multivariate regression model (Table 3).

Both AKT2 expression (odds ratio [OR], 5.32; 95% CI, 1.42 
to 19.93) and LVI (OR, 4.46; 95% CI, 1.17 to 16.97) were sig-
nificantly associated with LNM. Samples with high AKT2 ex-
pression were 5.32 times more likely to have metastases than were 
samples with low AKT2 expression, and samples with LVI were 
4.46 times more likely to have metastases than were samples 
without LVI. We also calculated the metastatic probability based 
on the following formula [17]:

P(Y) = 
eX1.(1.67) + X2.(1.49) - 1.69

1 + eX1.(1.67) + X2.(1.49) - 1.69 
	 (2)

, where P(Y) is the probability of LNM, X1 represents AKT2 
expression (high, 1; low, 0), and X2 represents LVI (yes, 1; no, 
0). From this model, the probability of LNM can be calculated 
for various conditions (Table 4).

Model goodness-of-fit was adequate (Table 3). The Hosmer-
Lemeshow test (p = .999) indicated that LNM numbers were not 
significantly different from those predicted by the model, and 
model predictions yielded satisfactory goodness-of-fit. Moreover, 
the difference between the overall model and a constant-only 
model was statistically significant (p = .001), indicating that the 
predictors reliably distinguished between LNM and non-LNM 
cases. The AUROC value for this model was 0.78, which indi-
cates excellent discriminatory ability.

ROCs of AKT2 expression

The ability of AKT2 expression to discriminate against lymph-
node metastases was assessed through ROC curve analysis (Fig. 

Table 2. The results of bivariate analysis on several variables of LNM in IBC-NST

Variable
Lymph-node metastasis, n (%)

p-value OR
95% CI

Yes No Total Min Max

Age (yr)a > .990 1.19 0.38 3.71
≥ 50 14 (51.9) 13 (48.1) 27
< 50 10 (47.6) 11 (52.4) 21

Tumor gradea .561 1.67 0.53 5.27
High 15 (55.6) 12 (44.4) 27
Low   9 (42.9) 12 (57.1) 21

Tumor size (cm)a .371 0.49 0.15 1.60
> 5   7 (38.9) 11 (61.1) 18
≤ 5 17 (56.7) 13 (43.3) 30

Lymphovascular invasiona .020 5.00 1.45 17.27
Yes 18 (66.7)   9 (33.3) 27
No   6 (28.6) 15 (71.4) 21

AKT2 expressiona .009 5.90 1.70 20.48
High 17 (70.8)   7 (29.2) 24
Low   7 (29.2) 17 (70.8) 24

LNM, lymph-node metastasis; IBC-NST, invasive breast carcinoma of no special type.
aBivariate analysis was performed using the chi-square test with continuity correlation.

Table 4. Various probabilities for LNM based on model variables in 
IBC-NST

AKT2 expression Lymphovascular invasion Probability of LNM (%)

High Yes 81.44
High No 49.62
Low Yes 45.18
Low No 15.62

LNM, lymph-node metastasis; IBC-NST, invasive breast carcinoma of no 
special type.

Table 3. Multiple logistic regression results for LNM in IBC-NST

β SE β Wald’s 
χ2 df p-value

eβ 
(odds ratio)

Predictor
AKT2 expression   1.67 0.67 6.162 1 .013 5.32
Lymphovascular invasion   1.49 0.68 4.789 1 .028 4.46
Constant –1.69 0.63 7.100 1 .008 0.19

Test
Hosmer-Lemeshow - - 0.002 2 .999 -

Goodness-of-Fit test
Overall model evaluation - - 13.690 2 .001 -

LNM, lymph-node metastasis; IBC-NST, invasive breast carcinoma of no 
special type; SE, standard error; df, degree of freedom; e, euler number ≈ 

2.718.
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3). The AUC was 0.799 ± 0.063 (95% CI, 0.676 to 0.921). 
This area (approximately 0.8) showed excellent accuracy. The 
optimal cutoff point for AKT2 expression was 104.62 (H-score), 
which yielded the highest Youden Index (0.458) and lowest K-
index (0.41) among all cutoffs. This H-score has 83.3% sensi-
tivity and 62.5% specificity. 

DISCUSSION

Biomarkers are objectively measured characteristics that indi-
cate normal biological processes, pathological processes, phar-
macological responses, or therapeutic interventions as proteins 
that function under specific conditions. AKT2, one of the AKT 
isoforms, has a role in cancer invasion and metastasis. Thus, 
AKT2 identification is important for assessing cancer cell char-
acteristics that cause LNM [18]. There are various techniques 
for identifying AKT2 expression in cells, including polymerase 
chain reaction (PCR), fluorescence in situ hybridization (FISH), 
and other molecular methods. In this study, we used a relatively 
convenient and affordable technique, IHC staining, to identify 
AKT2. IHC is a common method to identify biomarkers using 
selective antibodies to bind to specific proteins in tumor cells. 
While other more advanced molecular methods, such as PCR 
and FISH, are increasingly used in clinical practice, they can be 
less practical than IHC [19].

Specific antibodies bind to AKT2 in the cell membrane and 
cytoplasm and, to visualize them, diaminobenzidine tetrahydro-
chloride was used as a chromogen to emit a brown color (Fig. 1). 
The higher was the intensity of the brown color, the higher was 
the expression of AKT2 in cells. Also, because AKT2 is located 
mainly in the cell membrane and cytoplasm, brown color can be 

observed in those areas of the cell [5]. This is consistent with 
Trigka et al. [20], where 94.14% of their samples had immuno-
reactivity against AKT2 staining in cytoplasm and cell mem-
branes. Research by Malik et al. [21] showed that the staining 
was localized to the membrane where AKT2 was observed to be 
active. These findings strengthen the value of IHC as a practical 
method for AKT2 detection.

To confirm AKT2 expression as a predictor of LNM, several 
known confounding factors had to be controlled [22], including 
patient race, additional histopathological diagnoses, tumor sub-
types, and multiple comorbidities. We eliminated these factors 
through application of inclusion and exclusion criteria. Several 
other confounding factors, including age, tumor grade, tumor 
size, and LVI, were included in the model, but their association 
effect with LNM was controlled through bivariate and regres-
sion analyses. Among these confounding factors, only LVI has a 
significant relationship with LNM. After regression analysis to 
analyze the relationship between AKT2 expression and LNM, LVI 
was added as a covariate but did not change the effect of AKT2 
expression on LNM. This suggests AKT2 expression as an inde-
pendent predictor of LNM. 

The association between AKT2 expression and LNM in IBC-
NST is interesting. In the logistic regression model, AKT2 ex-
pression had a very high OR (5.32; 95% CI, 1.42 to 19.93), 
meaning that primary tumor samples with high AKT2 expres-
sion were 5.32 times more likely to have LNM than samples 
with low AKT2 expression. This relationship is due to underlying 
molecular mechanisms–as previously explained, AKT2 has a pro-
migratory role in cell migration, invasion, and metastasis. AKT2, 
but not AKT1 or AKT3, enhances integrin β1-mediated attach-
ment and invasion through collagen IV, which plays an impor-
tant role in cell invasion and migration [23]. Furthermore, AKT2 
directly interacts with PKCζ, which activates adhesion-associ-
ated β1-integrin and the actin-polymerizing LIMK/Cofilin axis 
after epidermal growth factor stimulation [23]. Additionally, 
AKT2 stimulation by mammalian target of rapamycin in Ser473 
causes glycogen synthase kinase-3β degradation, which also trig-
gers EMT [23]. This is consistent with Ye et al. [24], who found 
that AKT2 promoted breast cancer cell growth after G protein-
coupled receptor stimulation. Chen et al. [25] also demonstrated 
an important role for AKT, finding that cPLA2α mediates EMT 
via transforming growth factor β activation in the phosphoinosit-
ide 3-kinase/AKT pathway. All of these results support the role of 
AKT2 in inducing LNM.

We also found an association between LVI and LNM (OR, 
4.46; 95% CI, 1.17 to 16.97), indicating that primary tumor 

Fig. 3. Receiver operating characteristic (ROC) curve of AKT2 ex-
pression. J, Youden index; K, K-index; AUROC, area under the re-
ceiver operating characteristic; CI, confidence interval.
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samples with LVI were 4.46 times more likely to show lymph-
node metastases than samples without LVI. The molecular mech-
anisms underlying LVI are unclear. In their review, Kariri et al. 
[26] state that “understanding the role of cancer cell invasion 
and migration in the differentiation of LVI-related molecular 
alterations from these driving tumor cell invasion and migra-
tion as an early mechanism associated with malignancy is a ‘dif-
ficult’ but ‘beatable’ challenge.” However, several hypothetical 
mechanisms have been proposed. Ribelles et al. [27] suggested 
that genetic alterations can increase migratory potential. On the 
other hand, Melzer et al. [28] suggested that matrix metallo-
proteinases can disrupt primary tumor stability, inducing migra-
tion and, ultimately, LVI. Apart from the underlying molecular 
mechanisms, several studies have found associations between 
LVI and LNM. Research by Schoppmann et al. [29] indicates 
that LVI was associated significantly with a higher risk for devel-
oping LNM. In fact, Nathanson et al. [30] showed that LVI can 
predict systemic metastasis when regional lymph-node metastases 
are positive. All these findings explain the association between 
LVI and LNM identified in this study.

On the other hand, we calculated the probability of LNM by 
including a constant (β) to the model formula (2). In formula 
(2), the constant (β) is used as a multiplier of the related vari-
able. This also shows that the variable with a greater constant (β) 
has a more dominant role in determining LNM probability, and 
vice versa. Therefore, it can be concluded that AKT2 expression 
is more dominant than LVI in determining LNM probability. 
Although no previous studies have examined these two compo-
nents simultaneously, several correlational studies can explain 
this finding. Research by Wang et al. [31] demonstrated a posi-
tive correlation between AKT2 mRNA expression and LNM 
in breast cancer (r = 0.46, p < .001). Meanwhile, a meta-analysis 
by Zhang et al. [32] showed a correlation between LVI and lymph-
node metastases. However, the correlation was low (r = 0.24; 95% 
CI, 0.19 to 0.28) [32], indicating that the role of LVI on LNM 
is less dominant.

The potential for AKT2 as an LNM predictor needs further 
elucidation. One approach uses LNM discrimination analysis 
on the ROC curve. The AUC ROC was 0.799 ± 0.063 (95% 
CI, 0.676 to 0.921), indicating excellent accuracy, in this study, 
AKT2 expression as a way to discriminate lymph-node metastases 
was very good. Therefore, we conducted an analysis to estimate 
an optimal cutoff as a guide for classifying high or low AKT2 
expression.

As explained above, this study uses the median H-score to clas-
sify AKT2 expression. However, we are aware that use of a marker-

specific IHC cutoff assay is important for prediction of thera-
peutic response [33]. Therefore, we conducted an additional 
analysis to identify a potential cutoff for AKT2 expression, wherein 
we estimated an H-score of 104.62. This suggests that, if this 
cutoff is implemented in an IBC-NST AKT2 expression dataset, 
an H-score ≥104.62 can be classified as “high AKT2 expression.” 
On the other hand, values with an H-score < 104.62 can be clas-
sified as “low AKT2 expression.” Of course, this cutoff needs to 
be further explored and refined, but we expect it to help classify 
AKT2 expression in future studies. 

In conclusion, AKT2 expression can be used as a predictor to 
determine LNM. LVI also can be used as a predictor, although it 
has a less dominant role. Both play a role in predicting LNM in 
IBC-NST. Moreover, AKT2 expression can be identified by IHC 
staining, a practical method, with an H-score cutoff of 104.62 
for classifying high and low AKT2 expression. This cutoff can be 
used in future research regarding AKT2 expression in IBC-NST. 
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Thyroid transcription factor 1 (TTF-1) is a regulatory tran-
scription factor for maintaining peripheral lung function and is 
required for normal lung morphogenesis [1]. It is expressed 
normally in type II pneumocytes and non-ciliated bronchiolar 
epithelial cells, and this expression pattern is retained in 75%–
85% of primary lung adenocarcinomas (ACs) [2,3]. TTF-1 posi-
tivity is highly specific to lung AC among all non-neuroendocrine 
neoplasms of the lung and is used widely as an immunohisto-
chemical (IHC) marker for diagnosis of AC of lung origin and 
in subtyping of non–small cell lung carcinoma (NSCLC) not 
otherwise specified (NOS) wherein TTF-1 positivity favors diag-
nosis of lung AC over that of squamous cell carcinoma [4].

AC is the most common histological subtype of lung carcino-

ma, both worldwide and in India, with an increasing trend in 
incidence [5,6]. With discovery of mutations in the epidermal 
growth factor receptor (EGFR) gene in up to one-third of all ACs 
and the high response rates of these patients to EGFR tyrosine 
kinase inhibitor (EGFR-TKI) therapy, the latter is the first-line 
treatment of choice in patients with advanced non-squamous 
NSCLC harboring EGFR mutations. In accordance, any lung car-
cinoma sample diagnosed as AC, or NSCLC, NOS on histology 
with or without IHC should be subjected to molecular testing 
(MT) for targetable alterations in EGFR, anaplastic lymphoma 
kinase (ALK), or c-ros oncogene 1 (ROS1) genes at minimum [7].

One of the major constraints in diagnosis and clinical man-
agement of lung AC is the non-availability of adequate tumor 
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tissue for MT. With nearly 70% of all lung cancer patients pre-
senting with advanced stage, small biopsies/cytology represent 
the major source of tumor tissue, and successful MT on such 
small samples requires triage of material by informed patholo-
gists and trained technicians [8]. Further, in a developing country 
such as India, the majority of laboratories do not have facilities 
for MT, and the samples usually are deferred to a higher medical 
center, resulting in delay and difficulty in timely treatment deci-
sions. 

Unlike MT, IHC is a well-established technique practiced even 
in small laboratories, and IHC using the recommended TTF-1 
8G7G3/1 mouse monoclonal antibody [9] is available in most 
laboratories. Limited studies have analyzed the correlation be-
tween TTF-1 expression and EGFR mutations in lung AC and 
have reported a positive correlation between the two. Further, 
like EGFR mutant ACs, TTF-1 positivity has been shown to be 
associated with longer overall survival (OS), especially in non-
metastatic NSCLC [10-12]. This retrospective study was under-
taken to assess the correlation of TTF-1 IHC with EGFR muta-
tion status to understand whether TTF-1 expression status can be 
used as a guide for prioritizing EGFR MT and/or for treatment 
decisions in resource-limited settings. 

MATERIALS AND METHODS

Case selection

The current study was of a retrospective design spanning over 
duration of 9 years (January 2011 to February 2020), approved 
by the institutional ethics committee (IECPG-480/29.08.2016). 

All primary lung AC patients with available medical record 
data pertaining to both TTF-1 and EGFR mutation testing on 
surgical pathology samples were selected for this study. The pres-
ent study cohort included patients from previously published 
data pertaining to EGFR mutation rate [13-15]. Histopatho-
logical slides were reviewed, and diagnosis was reconfirmed in 
accordance with WHO classification of tumours of the lung, pleura, 
thymus and heart (2015) [16]. Detailed histopathological exami-
nation and subtyping of all cases were performed. Clinicopatho-
logical data including age, sex, smoking status, specimen type, 
site of biopsy, IHC result of TTF-1, and EGFR mutation status 
were recorded from the histopathology requisition forms. 

Immunohistochemistry for TTF-1

IHC for TTF-1 was performed on 4-µm-thick, formalin-fixed, 
paraffin-embedded tissue sections as part of diagnostic work-up 
during routine clinical practice. Heat-induced epitope retrieval 

was conducted in citrate buffer at pH 6, followed by a 3-hour 
incubation period with TTF-1 antibody (1:400, mouse mono-
clonal antibody, clone 8G7G3/1, Bio-SB, Santa Barbara, CA, 
USA). A universal-labeled streptavidin biotin kit was used as a 
detection system. Nuclear staining of weak or strong intensity 
in ≥ 5% of tumor cells was considered positive for TTF-1 expres-
sion [4]. For every case, negative and positive internal controls 
(normal lung tissue) or external controls (absence of normal lung 
parenchyma) were used. 

EGFR mutation analysis

Real-time polymerase chain reaction–based EGFR mutation 
testing was conducted using the EGFR RGQ PCR Kit (Ther-
ascreen, Cat No. 870111, Qiagen, Hilden, Germany) to detect 
29 hotspot mutations in EGFR exons 18–21. 

Statistical analysis

Data was analyzed using GraphPad Prism ver. 8 (GraphPad 
Software Inc., San Diego, CA, USA). Categorical variables were 
tabulated as frequency and percentage. The chi-square or Fisher 
exact tests were used to analyze the categorical variables between 
TTF-1 expression and EGFR mutations. Patient age was repre-
sented in mean values with standard deviations. A p < .05 was 
considered statistically significant.

RESULTS

A total of 909 patient samples were included in the study (Table 
1). The mean age of the cohort was 57 years, with a male pre-
ponderance (male:female ratio of 2.4:1). Sample types were tumor 
resections (n = 19) and small biopsies (n = 890), the latter also in-
cluding lymph node excision biopsies and Tru-Cut biopsies from 
metastatic sites. TTF-1 was positive in 76.8% cases (698/909) 
(Fig. 1) and was significantly more prevalent among non-smokers 
(p < .001); however, there was no difference in prevalence among 
sex or stage-based groups. EGFR mutations were detected in 
29.6% of cases (269/909). EGFR mutations were significantly 
more frequent among NSCLC occurring in females (46% vs. 
23% in males, p = .001), non-smokers (58% vs. 28% in smokers, 
p < .001), and in early stages of presentation (67% vs. 41% in 
late stages, p = .011). However, only a small proportion of our 
cases was diagnosed at earlier stages. The most common mutation 
detected was exon 19 deletion (146/269, 54.3%), followed by 
exon 21 mutation encoding the L858R amino acid change (exon 
21 L858R; 65/269, 24.2%). Other less common mutations 
observed were in exon 21 L861Q (2/269, 0.7%), exon 20 inser-
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tion (4/269, 1.5%), exon 20 T790M (7/269, 2.6%), exon 20 
S768I (3/269, 1.1%), and exon 18 G719X (3/269, 1.1%). Dual 
mutations involving multiple exons were detected in 39/269 
cases (14.5%), the majority of which encoded the T790M ami-
no acid change (17/39, 43.6%) in combination with other sen-
sitive mutations. The rate of TTF-1 expression was lower 
among uncommon/dual mutations (84%, 49/58) compared to 
exon 19 deletion (91%, 133/146) and exon 21 L858R (92%, 
60/65), although this did not reach statistical significance (Ta-
ble 1). 

Correlation between TTF-1 immunopositivity and EGFR 
mutation 

Ninety percent of all EGFR mutant NSCLCs were TTF-1 

positive, with TTF-1 positivity showing high sensitivity (90%) 
and negative predictive value (NPV; 87%) for EGFR muta-
tions. However, only 30% of all TTF-1–positive ACs harbored 
EGFR mutations, showing low specificity (29%) and poor posi-
tive predictive value (PPV; 35%) (Table 2). Considering that the 
prevalence of EGFR mutations varies among clinicopathological 
subsets, in particular with sex and smoking status, we analyzed 
the correlation between TTF-1 and EGFR mutations in these 
subgroups separately. As expected, the PPV of TTF-1 positivity 
for EGFR mutations was highest among females (51%) and non-
smokers (63%), which are the two clinical groups that show a 
higher prevalence of EGFR mutations. The lowest prevalence of 
EGFR mutations was among males (28%) and smokers (33%).  
Among individual types of mutations, PPV was higher with 

Fig. 1. Photomicrographs of non–small cell lung carcinoma (NSCLC). Epidermal growth factor receptor (EGFR) mutant lung adenocarcinoma 
with acinar and solid patterns (A) showing nuclear staining for thyroid transcription factor 1 (TTF-1) in tumor cells (B). EGFR wild type NSCLC 
with solid architecture (C) immunopositive for TTF-1 (D). Examples of EGFR mutant NSCLC not otherwise specified (NOS) (E) and EGFR wild 
type NSCLC, NOS (G) that are negative for TTF-1 (F, H); EGFR mutant invasive mucinous adenocarcinoma (I). 
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common EGFR mutations (both exon 19 deletion and exon 21 
L858R combined at 28%) than with uncommon/dual muta-
tions (7%). The overall NPV of TTF-1 for EGFR mutations was 
87%, was increased to 91% in males and for common EGFR mu-
tations, and was highest for uncommon/dual mutations (96%). 

We also calculated the diagnostic odds ratio (OR) within the 
entire cohort and within distinct clinicopathological subsets. 
OR denotes the ratio of the odds of TTF-1 being positive in an 
EGFR mutant tumor relative to the odds of TTF-1 being positive 
in an EGFR wild type tumor in this study and is independent of 
prevalence of EGFR mutations in the group under study. Over-
all, we found that TTF-1 was 3.6 times more likely to be positive 
in EGFR mutant tumors compared to EGFR wild type (OR, 3.61), 
with strong statistical strength (p < .001). This positive correla-
tion between TTF-1 and EGFR mutation status remained sig-

nificant within all individual clinicopathological subsets except 
when only considering uncommon/dual EGFR mutations (Table 
2, Fig. 2). The highest OR was observed in non-smokers (OR, 
6.53) and among those with common EGFR mutations (OR, 
4.09), with no significant difference in OR between the two 
common mutations, exon 19 deletion (OR, 3.59; 95% confidence 
interval [CI], 2.06 to 6.79; p < .001) and exon 21 L858R (OR, 
3.88; 95% CI, 1.69 to 11.20; p = .001). 

Histopathological subtyping based on TTF-1 and EGFR 
mutation status

TTF-1–positive EGFR-positive cases (n = 242)

Most of these cases were classified as AC (n = 235). Other rare 
subtypes included one case each of invasive mucinous AC and 

Table 1. Clinicopathological features of patients included in the study

Parameter No. (%)
TTF-1 immunohistochemistry EGFR mutation status

Positive Negative p-value Mutant Wild type p-value

Total No. of patients 909 698 (76.8) 211 (23.2) - 269 (29.6) 640 (70.4) -
Mean age at presentation (SD) 57 (12.3) 57 (12.4) 57 (12.3) > .05 55 (12.2) 57 (12.4) > .05
Sex .001

Male 644 (70.8) 486 (75.5) 158 (24.5) .082 148 (23.0) 496 (77.0)
Female 265 (29.2) 212 (80.0) 53 (20.0) 121 (45.7) 144 (54.3)

Smoking status (n = 362) < .001
Smoker 183 (50.6) 122 (66.7) 61 (33.3) < .001 52 (28.4) 131 (71.6)
Non-smoker 179 (49.4) 155 (86.6) 24 (13.4) 103 (57.5) 76 (42.5)

Stage at presentation (n = 358) .011
I-IIIA 30 (8.4) 23 (76.7) 7 (23.3) .594 20 (66.7) 10 (33.3)
IIIB/IV 328 (91.6) 251 (76.5) 77 (23.5) 135 (41.2) 193 (58.8)

First-line treatment (n = 383) - -
EGFR-TKI 78 (20.4) 72 (92.3) 6 (7.7) 78 (100) 0
Chemotherapy 305 (79.6) 222 (72.8) 83 (27.2) 89 (29.2) 216 (70.8)

Tumor progression (n = 397) .061 .072
Yes 139 (35.0) 115 (82.7) 24 (17.3) 70 (50.4) 69 (49.6)
No 258 (65.0) 192 (74.4) 66 (25.6) 105 (40.7) 153 (59.3)

Tumor related deaths (n = 397) .502 > .990
Yes 30 (7.6) 25 (83.3) 5 (16.7) 13 (43.3) 17 (56.7)
No 367 (92.4) 282 (76.8) 85 (23.2) 162 (44.1) 205 (55.9)

Specimen type -
Resections 19 (2.0) 16 (84.2) 3 (15.8) - 5 (26.3) 14 (73.7)
Small biopsies 890 (98.0) 682 (76.6) 208 (23.4) 264 (29.7) 626 (70.3)

Histological diagnosis -
AC/NSCLC, favor AC 815 (89.7) 698 (85.6) 117 (14.4) - 261 (32.0) 554 (68.0)
NSCLC, NOS 94 (10.3) 0 94 (100) 8 (8.5) 86 (91.5)

EGFR mutation type -
Exon 19 deletion 146 (16.1) 133 (91.1) 13 (8.9) > .990 - -
Exon 21 L858R 65 (7.2) 60 (92.3) 5 (7.7)
Uncommon/dual 58 (6.4) 49 (84.5) 9 (15.5)
None 640 (70.4) 456 (71.3) 184 (28.7)

TTF-1, thyroid transcription factor 1; EGFR, epidermal growth factor receptor; SD, standard deviation; TKI, tyrosine kinase inhibitor; AC, adenocarcinoma; 
NSCLC, non-small cell lung carcinoma; NOS, not otherwise specified.
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sarcomatoid carcinoma and five cases of adenosquamous carci-
noma. The spectrum of EGFR mutations is shown in Fig. 3.

TTF-1–negative EGFR-positive cases (n = 27)

Three cases were classified as invasive mucinous AC and one 
case as large cell carcinoma. Among the remaining cases, 16 cases 
classified as AC. EGFR mutations detected in these cases are 

shown in Fig. 3. Among dual mutations, five were E20 T790M 
in combination with other activating mutations [exon 19 dele-
tion (4) and exon 18 G719X (1)] and two were combination of 
exon 19 deletion with exon 21 L858R.

TTF-1–positive EGFR-negative cases (n = 456)

The majority of this group showed AC (n = 435) with predom-
inant patterns, as shown in Fig. 3. The following subtypes were 
identified: three cases of sarcomatoid carcinoma, four cases of 
invasive mucinous AC, and six cases of adenosquamous carcinoma. 
A few rare variants were noted (signet cell morphology in six, 
cribriform architecture in one, and hepatoid in one case).

TTF-1–negative EGFR-negative cases (n = 184)

This group showed AC in 88 cases (Fig. 3), invasive muci-
nous AC in five cases, and adenosquamous carcinoma in three 
cases. One case showed AC with signet ring cell differentiation. 
A total of 87 cases with solid architecture and without evidence 
of glandular differentiation were classified as NSCLC, NOS.

Treatment details and survival analysis

Treatment details were available for 383 patients, where 305 
patients received platinum-based chemotherapy and 78 patients 

Table 2. Correlation between TTF-1 immunohistochemistry and EGFR mutations

TTF-1 IHC/ EGFR 
mutation status 

No. (%)
Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Odds ratio 
(95% CI)

p-value
Mutation detected No mutation detected

Total < .001
Positive 242 (90.0) 456 (71.2) 90 29 35 87 3.61 (2.38–5.68)
Negative 27 (10.0) 184 (28.8)

Females < .001
Positive 108 (89.3) 104 (72.2) 89 28 51 75 3.19 (1.66–6.53)
Negative 13 (10.7) 40 (27.8)

Males < .001
Positive 134 (90.5) 352 (71.0) 91 29 28 91 3.91 (2.26–7.31)
Negative 14 (9.5) 144 (29.0)

Non-smokers < .001
Positive 98 (95.1) 57 (75.0) 95 25 63 79 6.53 (2.33–18.43)
Negative 5 (4.9) 19 (25.0)

Smokers .045
Positive 40 (77.0) 82 (62.6) 77 37 33 80 1.99 (0.95–4.16)
Negative 12 (23.0) 49 (37.4)

Common EGFR mutations < .001
Positive 193 (91.5) 505 (72.3) 91 28 28 91 4.09 (2.46–6.83)
Negative 18 (8.5) 193 (27.7)

Uncommon/dual EGFR mutations .098
Positive 49 (84.5) 649 (76.3) 84 24   7 96 1.69 (0.82–3.51)
Negative 9 (15.5) 202 (23.7)

TTF-1, thyroid transcription factor 1; EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; PPV, positive predictive value; NPV, negative pre-
dictive value; CI, confidence interval.

Uncommon/compound EGFR mutations

Common EGFR mutations

Smokers

Non-smokers

Males

Females

All

Su
bg

ro
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s

Odds ratio
0.1             1             10          100

OR 3.61 
(2.38–5.68)

Fig. 2. Forest plot for correlation between thyroid transcription fac-
tor 1 and epidermal growth factor receptor (EGFR) mutation status 
in clinicopathological subgroups. Subgroup-specific odds ratios 
(ORs) are denoted by black dots (line width corresponding to 95% 
confidence intervals). Combined OR estimate for all patients is rep-
resented by a black diamond, where the width corresponds to 
95% confidence intervals.
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received EGFR-TKI therapy as first-line treatment. A total of 
29.2% of patients who received chemotherapy had EGFR mu-
tated NSCLC, where treatment decisions were made before 
availability of EGFR mutation status results. Response to first-
line therapy as per the Response Evaluation Criteria in Solid 
Tumors (RECIST) was available for 249 patients. Irrespective of 
TTF-1 and EGFR status, EGFR-TKI treatment resulted in 
superior response rates (71.7%, 38/53) compared to chemo-
therapy (37.2%, 73/196) (OR, 3.47; 95% CI, 1.84 to 6.53; 
0.48, p < .001). For treatment response and survival analysis, 
patients were stratified into four groups based on TTF-1 expres-
sion and EGFR mutations: TTF-1+/EGFR+, TTF-1+/EGFR–, 

TTF-1–/EGFR+, and TTF-1–/EGFR–. Response to treatment 
in these four groups is depicted in Table 3. Among EGFR wild 
type cases, patients receiving chemotherapy and harboring TTF-
1–positive tumors responded better than patients with TTF-1–
negative tumors. However, this difference did not reach statistical 
significance (OR, 1.32; 95% CI, 0.57 to 3.03; p = .542).

Survival data was available for 397 patients. The median du-
ration of follow-up was 5.3 months. Overall, 35.01% of the pa-
tients experienced tumor progression during the course of ther-
apy, and 7.6% of patients died. Patients with EGFR mutation 
and TTF-1 expression showed the best overall one-year survival 
rate (90.6%), while those who were double negative showed the 

Fig. 3. Bar diagram showing histopathological subtyping of four groups based on thyroid transcription factor 1 (TTF-1) and epidermal growth 
factor receptor (EGFR) mutation status (A) and spectrum of EGFR mutations (B) in these groups. AC, adenocarcinoma; IMA, invasive muci-
nous adenocarcinoma; LCC, large cell carcinoma; NSCLC, non small cell lung carcinoma; NOS, not otherwise specified.

Table 3. Response to treatment with first-line EGFR-TKI treatment versus chemotherapy in the four patient groups

Parameter TTF-1(+)/EGFR mutant TTF-1(+)/EGFR wild type TTF-1(–)/EGFR mutant TTF-1(–)/EGFR wild type

Treatment, n (%) 114 83 14 38
1st line EGFR-TKI 49 (43.0) 0 4 (28.6) 0
1st line CT 65 (57.0) 83 (100) 10 (71.4) 38 (100)

First-line TKI, n (%) 49 0 4 0
Responders 35 (71.4) 0 3 (75.0) 0
Non-responders 14 (28.6) 1 (25.0) 0

First-line CT, n (%) 65 83 10 38
Responders 30 (46.2) 29 (34.9) 3 (30.0) 11 (28.9)
Non-responders 35 (53.8) 54 (65.1) 7 (70.0) 27 (71.9)

Odds ratio (TKI vs. CT) 2.9 1 6.9 1
95% CI 1.32–6.42 - 0.50–97.75 -
p-value .008 - .148 -

Median duration of follow-up (wk) 23.2 20.4 22.1 22.6
1-Year OS rate (%) 90.6 86.7 87.5 86.20
Median PFS (mo) 10.2 8.6 15.9 11.8
HR for PFS 1 1.07 0.83 0.92

95% CI 0.74–1.56 0.38–1.81 0.53–1.58
p-value .694 .631 .754

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; TTF-1, thyroid transcription factor 1; CT, chemotherapy; OS, overall survival; PFS, pro-
gression-free survival; HR, hazard ratio; CI, confidence interval.
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shortest (86.2%), although these differences did not reach sta-
tistical significance. Notably, the OS rates among patients with 
EGFR wild type tumors positive for TTF-1 (86.7%) and negative 
for TTF-1 (86.2%) were very similar. On the other hand, progres-
sion-free survival (PFS) was more homogenous and the PFS du-
rations and hazard ratios for progression were comparable 
among the four groups. 

DISCUSSION

Many observational studies over the years have reported 
strong positive correlation between TTF-1 expression and EGFR 
mutation status [17-22]. From a meta-analysis of 9,764 patients, 
Kim et al. [23] reported an OR of 5 between TTF-1 and EGFR 
mutations, and the OR was similar among European (OR, 4) 
and Asian (OR, 4) cohorts. The only previous study from India 
on a smaller South Indian cohort of 85 patients with advanced 
NSCLC reported an OR of 15 between TTF-1 and EGFR muta-
tions [19]. In our single-institutional North Indian cohort of 909 
patients, we found a similar strong correlation between TTF-1 
and EGFR mutations (OR, 3.61) comparable to the results ob-
served previously [17-23]. 

While EGFR mutations are more frequent in females and non-
smokers [13,20,24], TTF-1 expression in NSCLC has shown in-
consistent correlation with clinical parameters [21,25]. In the 
present study comprising predominantly of advanced stage non-
squamous NSCLC diagnosed on small biopsies, TTF-1 expres-
sion was seen in approximately 77% of cases and was signifi-
cantly more common among non-smokers but lacked association 
with age or sex, while EGFR mutations were detected in about 
30% of all cases and significantly more frequent among females, 
non-smokers, and at early clinical stages. The frequency of EGFR 
mutation is similar to those reported in the Indian literature [13]. 

The correlation between TTF-1 and EGFR mutations in the 
present study remained significant irrespective of sex or smok-
ing habit, indicating that the positive association is not merely 
due to increased prevalence of EGFR mutations in some demo-
graphic groups. Kim et al. [23] reported higher OR among fe-
males (OR, 4.87) compared to males (OR, 3.34), while Zhao et 
al. [21] reported lack of significant association between TTF-1 
and EGFR mutations in males. In the present study, we observed 
comparable results between males and females, with ORs slightly 
higher among males (OR, 3.91) than females (OR, 3.19). Similarly, 
although non-smokers showed the highest ORs (6.53), there was 
significant positive correlation of TTF-1-EGFR among smokers 
as well, albeit with a lower OR of 1.99, as has been observed pre-

viously [21]. The degree of expression of TTF-1 (i.e., in > 50% of 
tumor cells or in 10%–50% of tumor cells) also does not appear 
to show significant difference in positive association with EGFR 
mutations, especially the exon 21 mutation [25]. In our study, 
we used a cutoff of > 5% tumor nuclei staining for positivity.

Morphological analysis of the TTF-1–negative cases harboring 
EGFR mutations showed histological evidence of AC in 70.4% of 
cases. On further subtyping of these cases, the association of 
EGFR mutations with predominant subtyping of the cases with 
TTF-1 negativity was akin to the published literature [26]. Aci-
nar predominant AC showed higher propensity for EGFR mu-
tations. A few cases of mucinous AC, which were mostly TTF-1 
negative, also were positive for EGFR mutations. 

The strength of correlation between TTF-1 and EGFR appears 
to vary according to type of mutation. While initial studies found 
significant association with exon 21 mutations and not with exon 
19 deletion [21,25], others have found significant association of 
TTF-1 expression with both of these common mutations [23, 
27,28]. We found strong association with both types of TKI-sen-
sitive activating mutations, with an OR slightly higher for exon 
19 deletion (OR, 4.63) than for exon 21 L858R (OR, 3.16). In-
terestingly, as has been observed in one previous study [27], we 
did not find significant correlation of TTF-1 with uncommon/
dual mutations (OR, 1.69; p > .05). 

The reported literature also states that more than 90% of 
EGFR mutated lung ACs are positive for TTF-1 [20-22,29]. In 
the present study, TTF-1 positivity showed 90% sensitivity for 
EGFR mutations, and the sensitivity was higher among males 
and non-smokers. Considering that TTF-1 positivity is not spe-
cific for EGFR mutations, with only 34.6% of all TTF-1 positive 
tumors harboring EGFR mutations, the NPV rather than the 
PPV becomes the important criterion in our assessment of the 
value of TTF-1 IHC as a screening tool for EGFR mutations. We 
found that TTF-1 IHC shows NPV of 87% for EGFR muta-
tions, comparable to the NPVs of 88%–97% reported in pub-
lished cohorts [17,19,23,30-32]. NPV varies with prevalence of 
EGFR mutations and sensitivity of TTF-1 IHC [33] and is likely 
to be higher in populations with lower prevalence of EGFR muta-
tions, e.g., Western cohorts [30,31], and with the use of more sen-
sitive TTF-1 IHC assays such as the SPT24 antibody clone (vs. 
8G7G3/1) [9]. In line with these results, the highest NPVs in the 
present study were observed among males and among patients 
with uncommon/dual mutations. 

EGFR mutation–specific antibodies have high specificity 
(94%–100%) and sensitivity (60%–100%) with high PPV and 
NPV for EGFR mutations compared to TTF-1 IHC. These an-
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tibodies have shown high concordance rate compared to the gold 
standard molecular techniques [34]. However, its interpretation 
is highly variable due to differences in criteria for positivity, and 
its practical application is limited as these antibodies are meant 
to detect the two most common mutations (exon 19 deletion 
and exon 21 L858R), with significant numbers of false positive 
and false negative cases [34]. A molecular-based assay is needed 
to confirm EGFR mutation status, and screening of EGFR muta-
tions by IHC seems not to be applicable [35]. TTF-1 is a diag-
nostic marker that can be used as a screening tool for EGFR mu-
tations, but it cannot be replaced by EGFR mutation-specific 
antibodies.

The high NPV of TTF-1 for EGFR mutations has led some 
to suggest that patients with negative TTF-1 can be started on 
chemotherapy without MT in time- and resource-constrained 
settings [31]. We found, however, that approximately 13% of 
TTF-1–negative tumors harbored EGFR mutations, 50% of 
which were TKI-sensitive exon 19 deletion and exon 21 L858R 
mutations. Thus, until greater clarity is achieved on the tumor 
response rates of TTF-1–negative/EGFR mutant tumors for 
EGFR-TKI vs. chemotherapy, excluding patients for MT based 
on TTF-1 negativity should be discouraged. 

Activating EGFR mutations are established as predictive bio-
markers for TKI responsiveness in NSCLC and are known to 
confer a favorable prognostic effect on recurrence-free survival 
and OS irrespective of treatment arms [36,37]. Similarly, TTF-
1 expression has been reported as a favorable prognostic bio-
marker in NSCLCs [11,12,38-40]. Transcriptional activation of 
TTF-1 has been shown to be necessary for EGFR downstream 
signaling in EGFR mutant tumors [41], and TTF-1 has been 
suggested to correlate with EGFR oncogene addiction in these 
tumors [28]. Tumors showing dual positivity for EGFR muta-
tions and TTF-1 IHC have shown the best outcomes, while 
those negative for both carried the worst outcomes [12,21,28]. 
TTF-1 positive/EGFR wild type tumors and TTF-1 negative/
EGFR mutant tumors show intermediate outcomes, with the 
former showing longer progression-free and OS than the latter 
in some studies [12,21,28]. In the present study, limited by 
availability of patient follow-up data, one-year OS was highest 
among TTF-1–positive/EGFR mutant cases and lowest for dual 
negative cases. TTF-1 positivity did not appear to alter the one-
year OS or PFS among EGFR wild type tumors, as shown in pre-
vious studies [12,21,28]. The improved survival of TTF-1–posi-
tive/EGFR wild type cases can be attributed in part to the presence 
of other prognostically favorable alterations such as ALK or BRAF 
[42]; however, these alterations were not analyzed in our study.

TTF-1 positivity has been correlated with better response 
rates to chemotherapy [28,39,43] and EGFR-TKI [39], includ-
ing some EGFR wild type tumors [28,38]. With regard to che-
motherapy, we did observe slightly better response rates in TTF-
1–positive/EGFR wild type cases compared to TTF-1–negative/
EGFR wild type cases. However, with regard to EGFR-TKI, we 
found no differences in response rates between TTF-1–positive 
and TTF-1–negative EGFR mutant cases. None of our EGFR 
wild type cases received TKI treatment; hence, we could not ana-
lyze TKI response rates based on TTF-1 expression status. Nev-
ertheless, our observations lack statistical significance, and obser-
vational trials including more patients are necessary to confirm 
or refute previous observations.

Conclusion

In agreement with previous studies, we found a strong posi-
tive correlation between TTF-1 expression and common EGFR 
mutations (exon 19 deletion and exon 21 L858R) in advanced 
lung AC. The strength of correlation was highest among non-
smokers and lowest among those with uncommon/dual muta-
tions. Despite a high NPV of TTF-1 IHC for EGFR mutations 
in the present study and previous studies, a better understanding 
of TTF-1–mediated modulation of treatment responses and its 
underlying biological mechanisms in EGFR mutant ACs is nec-
essary before considering implementation of TTF-1 IHC as a 
surrogate for EGFR mutations. 
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Cutaneous metastases (CMs) from internal malignancies are 
considered a sign of systemic cancer spread. However, CM can 
emerge at the same time as the internal malignancy and in rare 
cases can be the first clinical presentation of occult or unknown 
primary tumor. While single case reports of CM from various 
cancers have been reported in Korea [1-9], systematic reviews 
on the common clinical and morphological presentations and 
histological subtypes of CM are rare. A recent Korean study re-
viewed data from 401 patients with CM and reported that the 
two most common primary cancers were breast and lung cancer 
[10], and this finding was consistent with those of studies con-
ducted in other ethnic groups [11-15].

This study was undertaken to document the clinicopathologic 

features of CM from internal malignancies and primary tumor 
types, anatomic locations, times between primary tumor diagno-
ses and development of CMs, and immunohistochemical results 
of metastatic carcinomas from an unknown origin at the time of 
CM diagnosis. In addition, we sought to determine whether the 
frequency of CM reflects the incidence of corresponding primary 
tumors in Korean patients.

MATERIALS AND METHODS

Case selection

Consecutive cases with cutaneous metastatic carcinoma biop-
sied at Yeungnam University Medical Center (YUMC) between 
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January 2000 and July 2020 were selected for this study. CM 
presented as a tumor center in the dermis or subcutaneous tissue, 
and no features suggestive of primary neoplasm derived from 
skin appendages. When a patient had multiple synchronous 
CMs, the largest lesion was considered representative. Metastases 
from skin malignancies (melanomas or carcinomas), mammary 
Paget disease, sarcomas, hematolymphoid neoplasms, and/or car-
cinomas located in a biopsy scar or surgical wound site were ex-
cluded. 

All histologic findings of hematoxylin and eosin– and immu-
nohistochemically-stained slides of skin and corresponding pri-
mary tumors were reviewed. Medical records and pathology reports 
were reviewed for information about sites and dates of diagnoses 
of primary tumors and clinical presentations of CM. Anatomic 
locations of CM were classified into scalp, face, neck, chest, abdo-
men, back, perineum, upper extremity, or lower extremity. For 
cases with multiple CMs, anatomic location was categorized based 
on the largest lesion. Multifocality was defined as presence of 
multiple CMs in two or more anatomic locations.

Statistical analysis

Statistical analysis was performed using SPSS ver. 25.0 for 
Windows (IBM Corp., Armonk, NY, USA). The difference of 
time interval between primary tumor diagnosis and occurrence 
of CM according to tumor stage or histologic features was deter-
mined using Mann-Whitney or Kruskal-Wallis test followed by 
the Bonferroni method. Statistical significance was accepted for 
p-values < .05.

RESULTS

Incidence

A total of 112 patients (62 females, 50 males) with CM was 
included in this study. For diagnosis of CM, 79 (69.9%) patients 
underwent punch biopsy, and 34 (30.1%) underwent excision. 
Mean age at CM diagnosis was 58.6 years (median, 59 years; 
range, 26 to 87 years), and the mean age of women and men 
was 55.7 and 62.3 years, respectively. Primary tumor was con-
firmed histologically in 99 patients by surgical resection (64 pa-
tients at Yeungnam University Medical Center and 12 patients 
at other hospitals) or biopsy (23 patients). In 10 patients, pres-
ence of primary tumor was confirmed radiologically. Primary 
tumor was undetermined in two patients despite extensive work-
up, and one patient refused further study. Breast (42.0%) was 
the most common primary cancer site, followed by lung (18.8%), 
stomach (10.7%), colon and rectum (5.4%), biliary tract (4.5%), 

kidney (3.6%), and liver (2.7%) (Table 1). Breast cancer (74.2%) 
was the most common primary cancer in female patients, fol-
lowed by stomach (6.5%), colorectal (4.8%), and lung (4.8%) 
cancer. In male patients, the most common primary cancer sites 
were lung (36.0%), stomach (16.0%), biliary tract (8.0%), and 
kidney (8.0%) (Table 1). Tumor stage, either pathologic or clin-
ical, was available in 103 patients and distributed as follows: 

Table 1. Underlying primary tumors according to sex and stage

Primary malignancy Stage Total Female Male

Breast 47 (42.0) 46 (74.2)  1 (2.0)
I   5�  5�  0�
II 15� 15�  0�
III 22� 22�  0�
IV   4�  4�  0�
Unknown   1�  0�  1�

Lung 21 (18.8)  3 (4.8) 18 (36.0)
I  1�  1�  0�
II  1�  0�  1�
III  4�  0�  4�
IV 15�  2� 13�

Stomach 12 (10.7)  4 (6.5) 8 (16.0)
II  1�  1�  0�
III  8�  2�  6�
IV  3�  1�  2�

Colorectum 6 (5.4)  3 (4.8)  3 (6.0)
III 5�  3�  2�
IV 1�  0�  1�

Biliary tract 5 (4.5)  1 (1.6)  4 (8.0)
III 1�  0�  1�
IV 3�  0�  3�
Unknown 1�  1�  0�

Kidney 4 (3.6)  0�  4 (8.0)
IV 2�  0�  2�
Unknown 2�  0�  2�

Liver 3 (2.7)  1 (1.6)  2 (4.0)
II 1�  1�  0�
III 1�  0�  1�
Unknown 1�  0�  1�

Salivary gland 2 (1.8)  0�  2 (4.0)
III 1�  0�  1�
IV 1�  0�  1�

Esophagus Unknown 1 (0.9)  0�  1 (2.0)
Lacrimal gland II 1 (0.9)  0�  1 (2.0)
Larynx IV 1 (0.9)  0�  1 (2.0)
Pancreas IV 1 (0.9)  1 (1.6)  0�
Paranasal sinus IV 1 (0.9)  0�  1 (2.0)
Prostate IV 1 (0.9)  0�  1 (2.0)
Thyroid I 1 (0.9)  1 (1.6)  0�
Tongue III 1 (0.9)  1 (1.6)  0�
Tonsil IV 1 (0.9)  0�  1 (2.0)
Unknown Unknown 3 (2.7)  1 (1.6)  2 (4.0)
Total 112 (100) 62 (100) 50 (100)

Values are presented as number (%).
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stage I in 7 (6.8%), stage II in 19 (18.4), stage III in 43 (41.7%), 
and stage IV in 34 (33.0%) patients. Six patients had no record 
of tumor stage (five patients underwent surgery at other hospitals 
and stage work-up was not performed in one patient), and primary 
tumors were unknown in three patients. Tumor stage according 
to primary site is listed in Table 1.

Histologic features of primary tumors

The histologic types of common primary tumors with CM 
are listed in Table 2. Primary breast cancers were invasive carci-
noma of no special type (invasive ductal carcinoma) in 42 (89.4%) 
patients, invasive micropapillary carcinoma in two (4.3%), in-
vasive lobular carcinoma in one (2.1%), metaplastic carcinoma 

in one (2.1%), and unknown in one (2.1%). Breast molecular 
subtypes were luminal, triple-negative, human epidermal growth 
factor receptor 2-positive, and unknown in 21 (44.7%), 13 
(27.7%), eight (17.0%), and five (10.6%) patients, respectively. 
Histologic grades were 1 in two (4.3%), 2 in 10 (21.3%), 3 in 30 
(63.8%), and unknown in five (10.6%) patients. Presence or ab-
sence of lymphovascular invasion was available in 39 patients, 
32 (82.1%) of whom showed lymphovascular invasion.

Of the 21 lung cancers with CM, 10 (47.6%) were squamous 
cell carcinomas, 10 (47.6%) were adenocarcinomas, and one (4.8%) 
was small cell carcinoma (Fig. 1). Of the 12 gastric adenocarci-
nomas with CM, eight (66.7%) were poorly differentiated, and 
the other four were either well differentiated, moderately differ-
entiated, mucinous, or signet ring cell morphologies. For the six 
colorectal cancers, four were moderately differentiated adenocar-
cinomas, one was micropapillary carcinoma, and one was signet 
ring cell carcinoma.

All metastatic renal cell carcinomas were of the clear cell type 
(Fig. 2). The unusual CMs were from invasive ductal carcinoma 
from the lacrimal gland, adenoid cystic carcinoma from the 
submandibular gland, and papillary carcinoma from the thy-
roid gland. Four cases of squamous cell carcinoma of the esoph-
agus, paranasal sinus, tongue, or tonsil developed CM.

Clinical presentation of CMs

Among the 112 patients, 96 (85.7%) presented with CM after 
primary tumor diagnosis (mean, 41.8 months; range, 1 to 325 
months). In 12 patients (10.7%), CM was found at the same 
time as internal malignancies, and in four patients (3.6%), CM 
was the first sign of internal malignancy. Time between diagno-
sis of primary tumors and CM was greater for patients with 

Table 2. Histologic type of most frequent primary tumors

Primary site No. Histologic type No.

Breast 47
Invasive carcinoma, no special type 42
Invasive micropapillary carcinoma   2
Invasive lobular carcinoma   1
Metaplastic carcinoma   1
Unknown   1

Lung 21
Squamous cell carcinoma 10
Adenocarcinoma 10
Small cell carcinoma   1

Stomach 12
Adenocarcinoma 10
Mucinous carcinoma   1
Signet ring cell carcinoma   1

Colorectum   6
Adenocarcinoma   4
Invasive micropapillary carcinoma   1
Signet ring cell carcinoma   1

A B C

Fig. 1. Metastatic small cell carcinoma of the lung. (A) Tumor cells infiltrated dermal collagen bundles and were diffusely positive for thyroid 
transcription factor 1 (B) and synaptophysin (C).
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Fig. 2. Metastatic renal cell carcinoma. (A) The tumor was clear cell type, and tumor cells were positive for vimentin (B) and renal cell carci-
noma (C). 

breast or kidney cancer than for those with lung or biliary tract 
cancer (Table 3, Fig. 3). In breast cancer patients, tumor stage 
was significantly associated with time interval between primary 
tumor diagnosis and CM (p < .001). Stage II or III tumors showed 
a longer time interval between primary tumor diagnosis and 
CM than did stage IV tumors (Table 3). However, there was no 
statistical difference in time interval between diagnosis of breast 
cancer and CM according to presence or absence of lymphovas-
cular invasion or histologic grade of the primary tumor (Supple-
mentary Table S1). Due to the small number of patients, the 
same statistical analysis could not be performed for other primary 
tumors. 

Forty-nine patients (43.4%) had multiple CM lesions, and 
12 (10.7%) presented with multiple CMs at two or more ana-
tomic locations (Table 4). About 70% of the 112 patients were 
asymptomatic, but others experienced tenderness (16.1%), ooz-
ing (6.3%), and pain (5.4%). The most common dermatologic 
presentations of CM were nodules (53.6%) or masses (19.6%), 
followed by papules (12.5%), plaques (9.8%), or ulcers (2.7%) 
(Table 4).

The common sites of CM were chest (35.7%), head and neck 
(34.8%; scalp, 16.1%; neck, 9.8%; face, 8.9%), and abdomen 
(17.9%) (Fig. 4). Breast cancer usually metastasized to the chest, 
lung cancer to the head and neck or chest, and gastrointestinal 
tract cancer to the abdomen or scalp.

 
Immunohistochemical markers that define primary sites

The primary tumor was unable to be confirmed histologically 
in 12 patients with CM. In these cases, primary tumor sites 
were identified based on immunohistochemical staining results 
of skin lesions and radiologic findings (Table 5). 

Five patients had lung masses revealed by chest computed 

tomography (CT) or positron emission tomography (PET)–CT. 
In four of these cases, the CM was adenocarcinomas; the other was 
squamous cell carcinoma. In all five patients, CMs were positive 
for cytokeratin 7 (CK7), four adenocarcinomas were negative 
for CK20, and two patients were positive for thyroid transcrip-
tion factor 1 (TTF-1). Metastatic squamous cell carcinoma was 
positive for p63 and p40.

One patient had metastatic adenocarcinoma masses of the face 
and liver by PET-CT. Tumor cells in this patient were positive 
for CK7, CK19, and CK20 and negative for TTF-1 and caudal-
type homeobox 2 (CDX2), which suggested biliary tract origin 
(Fig. 5). Interestingly, one female patient with metastatic carci-
noma of the left chest skin was suspected of having breast cancer 
because tumor cells were positive for mammaglobin and pro-
gesterone receptor (PR) but negative for estrogen receptor (ER) 
and gross cystic disease fluid protein 15 (GCDFP-15). PET-CT 
of this patient depicted hypermetabolic areas in the left breast, 
axillary lymph nodes, and multiple bones. 

One male patient with metastatic adenocarcinoma of the up-
per extremity skin had a prostatic mass and multiple lung and 
bone lesions. Tumor cells in a lung mass biopsy were positive for 
P504S but negative for TTF-1, although the metastatic adeno-
carcinoma was negative for P504S and prostatic specific antigen. 
Another patient with metastatic carcinoma in the abdominal skin 
that was morphologically consistent with clear renal cell carci-
noma had a hypermetabolic mass on PET-CT in the right kidney. 
Tumor cells from the skin lesion were positive for paired box 
gene 8 (PAX8). In one female patient with metastatic adeno-
carcinoma of the scalp, PET-CT depicted multiple masses in the 
liver, adrenals, kidneys, ovaries, and omentum. Tumor cells from 
the scalp were positive for CK7, CK19, and PAX8 but negative 
for CK20, CDX2, TTF-1, WT-1, ER, and PR. In this patient, 

A B C
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a primary tumor originating from the ovary or biliary tract was 
suspected but not confirmed. Despite extensive work-up, primary 
cancer was not determined in one patient. Another patient refused 
further work-up aimed at identifying the primary site.

DISCUSSION

In this study, we retrospectively reviewed 112 cases with CM 

from internal malignancies in patients treated over 20 years at 
our institution. Common primary tumor sites differed in female 
and male patients. Breast and stomach cancer were the most com-
mon primary tumors in female patients, while lung and stom-
ach cancers were most common in male patients. Considering that 
the numbers of breast, gastric, lung, and colorectal cancer patients 
newly registered at our institution over the past 20 years (January 
2000 to December 2020) were 10,890, 9,968, 8,409, and 8,188 
patients, respectively, the incidence of CM might reflect the 
overall incidence of cancers. According to Korean cancer statis-
tics for 2017 [16], the most common cancer sites were the stom-
ach (12.8%), colorectum (12.1%), lung (11.6%), thyroid (11.3%), 
breast (9.6%), liver (6.6%), prostate (5.5%), pancreas (3%), bil-
iary tract and gallbladder (2.9%), and kidney (2.3%). The most 
common sites by sex were breast (20.3%), thyroid (18.3%), col-
orectum (10.4%), and stomach (8.9%) in women and stomach 
(16.3%), lung (15.3%), colorectum (13.6%), and prostate (10.5%) 
in men. These results indicate that the incidence of CM is pro-
portional to the overall incidence of cancer, with exceptions that 
lung cancer tended to metastasize more easily than stomach 
cancer, and that thyroid and prostate cancers rarely gave rise to 
skin metastases. In addition, the frequency of CM from breast 
cancer corresponded to the frequency of histologic and molecular 
subtypes of primary breast cancer. Previous studies on different 
ethnic groups, including a Korean study, reported similar results 
regarding correspondence between CM frequency and the over-
all incidence of primary malignant tumors [10,12-15,17,18]. 

However, time between primary diagnosis and development of 
CM varied considerably and depended on primary tumor type. For 
example, CM from lung and biliary tract cancers usually oc-
curred within two years of primary diagnosis, whereas CM from 
breast cancer and hepatocellular and renal cell carcinoma occurred 
several years after primary diagnosis. Choi et al. [10] also reported 
that CM occurred several years (mean, 48.2 months) after diag-
nosis of hepatocellular carcinoma, while lung and pancreatic can-
cers metastasized to the skin within one year of primary diag-
nosis. Furthermore, it was reported in a Taiwanese study that 
CM occurred early in lung cancer (mean, 15.7 months; range, 1 
month to 5 years) but several years after breast cancer excision 
(mean, 47.2 months; range, 1 month to 10 years) [13].

With regard to metastatic sites, any skin region might be in-
volved, but the chest, head and neck, and abdomen were most af-
fected by CM. In particular, breast cancer usually metastasized to 
the chest, whereas gastrointestinal tract cancers commonly metas-
tasized to abdominal skin. These results support the notion that 
CM is usually found in an anatomic location close to the primary 

Table 3. Time interval between diagnosis of primary malignancy 
and cutaneous metastasis in patients who developed cutaneous 
metastasis after diagnosis of primary malignancy

Primary site Stage No.
Time interval between diagnosis 
of primary tumor and occurrence 

of cutaneous metastasisa (mo)

Breast 46 1–325 (58.9 ± 60.5)
I   5 25–149 (84.0 ± 58.4)
II 15 11–188 (71.9 ± 51.4)
III 22 1–325 (48.1 ± 70.1)
IV   3 24–53 (36.0 ± 15.1)
Unknown   1 42�

Lung 14 1–29 (12.5 ± 9.5)
I   1 3�
II   1 13�
III   4 2–26 (15.8 ± 10.4)
IV   8 1–29 (12.0 ± 10.2)

Stomach 11 1–47 (20.8 ± 17.9)
II   1 31�
III   8 1–47 (19.9 ± 19.1)
IV   2 3-36�

Colorectum III   5 3–58 (26.4 ± 21.5)
Kidney   4 4–180 (61.0 ± 80.4)

IV   2 4–35�
Unknown   2 25–180�

Biliary tract   3 3–23 (13.3 ± 10.0)
III   1 23�
IV   1 3�
Unknown   1 14�

Liver   3
II   1 64�
III   1 87�
Unknown   1 -�

Salivary gland   2
III   1 30�
IV   1 25�

Esophagus Unknown   1 7�
Lacrimal gland II   1 39�
Larynx IV   1 30�
Pancreas IV   1 9�
Paranasal sinus IV   1 2�
Thyroid I   1 120�
Tongue III   1 17�
Tonsil IV   1 11�
Total 96 1–325 (41.8 ± 50.6)

aValues are presented as range (mean ± standard deviation).
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tumor, presumably because epithelial cancer cells predominantly 
disseminate via lymphatic channels. However, some CMs oc-
curred in regions distant from the primary tumors; for example, 
the scalp was a common CM location for various tumors. The 
possible mechanism as to why the scalp is a common destination 

for CM is thought to be due to its high vascularity [19]. 
It has been reported that 2.9% to 21% of CMs are found prior 

to diagnosis of primary cancers [11,12]. In the present study, 
11.5% of patients developed CM as the first manifestation of in-
ternal malignancy. In this clinical setting, pathologists can use 
morphologic examinations and immunohistochemical studies to 
identify underlying primary tumors and provide valuable infor-
mation for subsequent clinical workup. In metastatic adenocar-
cinoma, positivity for CK7, TTF-1, and napsin A and negativity 
for CK20 indicate a pulmonary origin. Squamous cell carcino-
ma of the lung typically exhibits CK5/6 and p40 positivity, and 
small cell lung carcinoma is positive for TTF-1 but negative for 
CK7 and CK20 [20]. Metastatic small cell carcinoma of the 
lung and primary cutaneous Merkel cell carcinoma must be pre-
cisely differentiated as they share a neuroendocrine origin and 
have similar histologic features. CK20 and TTF-1 have been rou-
tinely used in this context because small cell lung carcinoma is 
usually CK20 negative but TTF-1 positive, while primary cuta-
neous Merkel cell carcinoma is CK20 positive (characteristically 
paranuclear dotlike) and TTF-1 negative in most cases [21,22]. 
However, about 10% of Merkel cell carcinomas are positive for 
TTF-1 and negative for CK20 [23].

The histologic features of metastatic breast cancer can be simi-
lar to those of primary cutaneous adnexal malignancies, and both 
are positive for CK7 and negative for CK20. ER, PR, mamma-
globin, and GCDFP-15 are useful markers of breast origin 
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Fig. 3. Comparison of time interval between diagnosis of primary tumor and occurrence of cutaneous metastasis according to primary tu-
mor site.

Table 4. Clinical presentation of cutaneous metastasis

Clinical presentation No. of cases (%)

No. of lesions
Single   63 (56.3)
Multiple   49 (43.8)

Focality
Unifocal 100 (89.3)
Multifocal   12 (10.7)

Symptom
Asymptomatic   78 (69.6)
Tenderness   18 (16.1)
Oozing   7 (6.3)
Pain/Tenderness   4 (3.6)
Pain   2 (1.8)
Itching   2 (1.8)
Bleeding   1 (0.9)

Dermatologic presentation
Nodule   60 (53.6)
Mass   22 (19.6)
Papule   14 (12.5)
Plaque 11 (9.8)
Ulcer   3 (2.7)
Patch   1 (0.9)
Vesicle   1 (0.9)
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Table 5. Clinicopathologic features of cases with cutaneous metastasis in which the primary tumor was not confirmed histologically

No.
Age 
(yr)

Sex
Cutaneous metastasis

Radiologic findings
Suggested 
primary siteLocation Histology Immunohistochemical results

  1 62 M Axilla Adenocarcinoma TTF-1+, CK7+, CK20–, CDX2– Multiple masses in lungs, liver, bone, and 
LNs on PET-CT

Lung

  2 61 M Abdomen Adenocarcinoma TTF-1–, CK7+, CK20–, Napsin A– Lung mass on CT Lung
  3 58 M Scalp, 

Abdomen
Adenocarcinoma TTF-1–, CK7+, CK20– Lung mass on CT, suspicious metastases 

to hilar, subaortic, subcarninal LNs, 
and both adrenals

Lung

  4 55 M Scalp Adenocarcinoma TTF-1+, CK7+, CK20– Lung mass on PET-CT, metastases 
to multiple LNs and bones

Lung

  5 76 M Chest Squamous cell 
carcinoma

CK7 focal+, p63+, p40+ Lung mass on CT Lung

  6 68 M Face Adenocarcinoma CK7+, CK19+, CK20+, TTF-1–, CDX2– Liver masses on PET-CT without 
histologic confirmation

Biliary tract

  7 58 F Chest Carcinoma ER–, PR+, Mammaglobin+, GCDFP-15– Left breast mass on PET-CT, 
metastases to bone and axillary LNs

Breast

  8 72 M Upper 
extremity

Adenocarcinoma PSA–, P504S–
Lung mass: TTF-1–, c-Met+, CK7+, 

P504S+, ERG–

Prostatic mass on PET-CT, multiple lung 
masses, metastases to multiple bones

Prostate

  9 74 M Abdomen Renal cell 
carcinoma

PAX8+, RCC– Right kidney mass on PET-CT, 
metastases to multiple bones

Kidney

10 36 F Scalp Adenocarcinoma CK7+, CK19+, PAX8+, CK20–, CDX2–, 
TTF-1–, WT-1–, ER–, PR–

Multiple masses in liver, adrenals, kidneys, 
ovaries, and omentum on PET-CT

Unknown

11 67 M Axilla Carcinoma GATA3+, CK7–, CK20–, PSA–, 
TTF-1–, CDX2–

No suggested primary tumor on PET-CT Unknown

12 57 M Trunk Adenocarcinoma CK7+, CK19+, CK20–, CDX2 focal+, 
TTF-1–

No further study Unknown

M, male; TTF-1, thyroid transcription factor 1; CK, cytokeratin; LN, lymph node; PET-CT, positron emission tomography-computed tomography; ER, estrogen 
receptor; PR, progesterone receptor; GCDFP-15, gross cystic disease fluid protein 15; PSA, prostate specific antigen; RCC, renal cell carcinoma.

Lung (5)
Biliary tract (2)
Stomach (2)
Liver (1)

Breast (34)
Lung (3)
Stomach (1)
Salivary gland (1)
Unknown (1)

Breast (1)
Lung (1)
Stomach (1)
Colorectum (1)

Breast (4)
Lung (4)
Stomach (2)
Colorectum (2)
Biliary tract (2)
Kidney (2)
Paranasal sinus (1)
Unknown (1)

Breast (1)

Breast (2)
Lung (2)
Colorectum (1)
Lacrimal gland (1)
Larynx (1)
Salivary gland (1)
Thyroid (1)
Tongue (1)
Tonsil (1)

Lung (6)
Stomach (6)
Breast (3)
Colorectum (2)
Liver (1)
Kidney (1)
Unknown (1)

Face (n = 10, 8.9%) Scalp (n = 18, 16.1%)

Neck (n = 11, 9.8%)

Perinecum 
(n = 1, 0.9%)

Lower extremities 
(n = 4, 3.6%)

Upper extremities 
(n = 5, 4.5%)

Chest (n = 40, 35.7%) Back (n = 3, 2.7%)

Abdomen (n = 20, 17.9%) Breast (1)
Biliary tract (1)
Kidney (1)
Pancreas (1)
Prostate (1)

Breast (1)
Esophagus (1)
Liver (1)

Fig. 4. Incidence of cutaneous metastasis by anatomic location and primary tumor site.

[21,24,25], but only 50% of metastatic breast carcinomas are ER 
positive and 65%–70% are mammaglobin positive. Gynecologi-
cal malignancies occasionally exhibit ER and/or PR positivity 

[26-28]. These findings indicate that immunohistochemical re-
sults should be considered alongside clinical and radiological find-
ings. For gastrointestinal tract malignancies, CK7, CK20, and 
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CDX2 can help determine tumor origin. Gastric cancer is gen-
erally positive for CK7 and CK20, whereas colorectal cancer is 
negative for CK7 and positive for CK20 and CDX2. In hepato-
cellular carcinoma, hepatocyte paraffin 1 (HepPar-1), arginase 1, 
and α-fetoprotein can help confirm diagnosis [20,29]. Renal 
cell carcinoma shows negativity for CK7 and CK20 and positiv-
ity for renal cell carcinoma marker and PAX8 [20]. Gynecological 
cancers exhibit a variety of immunohistochemical profiles and 
are generally positive for cancer antigens 125, CK7, and CK20 
[21], though ovarian cancer and endometrial cancer are also PAX8 
positive [30].

In conclusion, although CMs are rarely observed after diagnosis 
of primary internal malignancies, they occur at rates that are ap-
proximately proportional to the frequency of the primary tumor. 
The most common primary cancer sites in this retrospective study 
was breast in women and lung in men. Lung and biliary tract 
cancers usually metastasized to the skin within 2 years of primary 
cancer diagnosis, whereas metastases from breast cancer, hepato-
cellular carcinoma, and renal cell carcinoma occurred several years 

later. Although metastasis to the skin can occur at any location, 
the chest, head and neck, and abdomen were most commonly 
affected. CM can be diagnosed by clinical, radiological, and histo-
logical examinations, although in some cases immunohistochem-
ical studies are required. 
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Fig. 5. Representative histologic features and immunohistochemical staining results for metastatic adenocarcinoma of the face. (A) Poorly 
differentiated adenocarcinoma was mainly located in the dermis. Tumor cells were positive for cytokeratin (CK) 7 (B) and CK19 (C) but nega-
tive for thyroid transcription factor 1 (D). Although no primary tumor was confirmed histologically, the metastatic adenocarcinoma was con-
sidered of biliary tract origin.
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Urethral diverticular carcinoma (UDC) is extremely rare; the 
most common histological subtype is adenocarcinoma [1,2]. 
Sarcomatoid urothelial carcinoma (UC) is also unusual. Due to 
the scarcity of UDC and sarcomatoid UC, related studies have 
been limited to small series and single case reports. Herein, we 
report the first case of sarcomatoid UC of the female urethral di-
verticulum and her treatment response to immune checkpoint 
inhibitor therapy.

CASE REPORT

A 66-year-old woman with dysuria was referred to the urology 
department after visiting the emergency room and undergoing 
several urinary catheterization procedures. She was hospitalized 
for a cerebral infarction 7 months prior and had a history of cho-
lecystectomy owing to acute cholecystitis 6 months before. A 
urethral diverticulum was identified through abdominopelvic 
computed tomography (CT) performed during admission for 
cholecystectomy (Fig. 1A), although no urological evaluation 
was conducted at that time. On presentation, abdominopelvic CT 
revealed a large mass involving the urethra, posterior wall of the 

urinary bladder, and vagina with enlarged lymph nodes at both 
femoral, both inguinal, and both internal and external iliac areas 
(Fig. 1B). Ultrasound-guided transvaginal core needle biopsy of 
the urethral mass was performed, and histopathological exami-
nation revealed unspecified spindle cell sarcoma with stromal 
sclerosis. The patient underwent anterior pelvic exenteration 
with pelvic lymph node dissection.

The surgical specimen showed a 10-cm-sized, hard white 
mass in the urethra that had invaded the uterine cervix, anterior 
wall of the vagina, posterior wall of the urinary bladder, and 
perivesical fat (Fig. 2A). The cut surface of the mass showed 
central necrosis with cystic space formation. Histopathologically, 
the tumor was predominantly composed of pleomorphic spin-
dle cells with moderate to severe nuclear atypia, brisk mitosis, 
and necrosis (Fig. 2B). The tumor nuclei were oval shaped and 
had vesicular chromatin and prominent nucleoli. The tumor 
occasionally produced abundant collagen, but neither specific 
mesenchymal differentiation nor a heterologous component was 
observed. Intratumoral lymphoplasmacytic infiltration was noted. 
The cystic space was focally lined by urothelial or glandular epi-
thelium (Fig. 2C) and associated villous adenoma (Fig. 2D). 

Sarcomatoid urothelial carcinoma arising in the female 
urethral diverticulum
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Fig. 1. Enhanced abdominopelvic computed tomography. (A) Axial image taken 7 months prior to presentation showed a urethral diverticu-
lum (asterisk) at the level of the symphysis pubis. (B) Preoperative image revealed a large urethral mass (UB, urinary bladder; arrow, urinary 
catheter within the urethra). 

Fig. 2. Histopathological findings. (A) Gross examination revealed a 10-cm-sized, hard white urethral mass invading the uterus, vagina, uri-
nary bladder, and perivesical fat. The cut surface showed necrosis and cystic space (arrowheads). (B) Microscopically, the majority of the tu-
mor was composed of pleomorphic spindle cells with occasional collagen deposition. Intratumoral lymphoplasmacytic infiltration was noted. 
(C, D) The cystic space was lined focally by glandular epithelium (C) and associated villous adenoma (D). (E) A conventional urothelial carci-
noma component was minimally present, and areas of epithelial-to-mesenchymal transition were noted. 

A B
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Fig. 3. Results of immunohistochemical staining. (A) Immunostaining for cytokeratin 7 highlighted the glandular epithelium (left side) and uro-
thelial carcinoma component, whereas there was no staining of the sarcoma component. (B) Programmed death ligand-1 SP142 (Ventana 
Medical Systems, Tucson, AZ, USA) immunostaining showed diffuse positivity (90%) in tumor-infiltrating immune cells (ICs) of the sarcoma 
component, while ICs of the carcinoma component were negative.

The lining epithelium and premalignant lesion were juxtaposed 
with tumor tissue, suggesting tumor formation in the urethral 
diverticulum. A minimal conventional urothelial carcinoma 
component was present (less than 1%) near the diverticulum, 
and areas of epithelial-to-mesenchymal transition were noted 
(Fig. 2E). Although lymphovascular invasion was present, nodal 
metastasis was not identified among the 30 pelvic lymph nodes. 
Immunohistochemical staining for cytokeratin (CK) 7 high-
lighted the glandular epithelium and invasive carcinoma com-
ponent (Fig. 3A). The invasive carcinoma component was posi-
tive for high molecular weight CK, p63, and GATA3, indicating 
a urothelial nature. Urothelial carcinoma in situ was not identi-
fied. Spindle cell component was negative for panCK, CK7, 
GATA3, p63, smooth muscle actin, myoglobin, anaplastic lym-
phoma kinase (clone, 5A4), S-100, and human melanoma 
black-45 immunostaining, but positive for vimentin. Pro-
grammed death ligand-1 (PD-L1) SP142 (Ventana Medical Sys-
tems, Tucson, AZ, USA) immunohistochemistry showed diffuse 
positivity (90%) in tumor-infiltrating immune cells (IC) of the 
sarcoma component, while no positive ICs were identified in 
the urothelial carcinoma component (Fig 3B). PD-L1 immunos-
taining was performed using three different tissue sections and the 
results were similar. The final pathological diagnosis was sarcoma-
toid UC arising from the urethral diverticulum (pT4N0). 

During follow-up, multiple newly developed lung nodules 
were detected on chest CT 49 days postoperative. The patient 
underwent one cycle of palliative chemotherapy (adriamycin 
and cisplatin), but showed intolerance to the chemotherapeutic 
agent, and the disease progressed. She next underwent four cycles 
of atezolizumab and radiation therapy, but the disease continued 
to progress. She then received gemcitabine plus cisplatin, and the 

tumor showed a partial response, but tumor progresssion occurred 
after 4 months of treatment. The patient next received weekly 
paclitaxel for 2 months and exhibited stable disease. Recently, 
she stopped chemotherapy temporarily and is alive 24 months 
postoperative. 

DISCUSSION

Primary female urethral carcinomas are rare, and the most 
common histological subtype is urothelial carcinoma (45%), 
followed by adenocarcinoma (29%), squamous cell carcinoma 
(19%), and undifferentiated carcinoma (6%), according to a na-
tional urethral cancer survey conducted in the Netherlands [3]. 
UDC is very unusual, accounting for only 5% of all female ure-
thral carcinomas [1,2]. More than 120 cases of UDC have been 
reported, and adenocarcinoma is the most common pathology 
(75%), while urothelial carcinoma (15%) and squamous cell car-
cinoma (10%) are less frequent [1,2].

UDC is hypothesized to arise from a periurethral gland or meta-
plastic epithelium with chronic irritation, and Gartner or meso-
nephric duct remnants [2]. UDC might contain premalignant 
lesions such as villous adenoma, intestinal metaplasia, or high-
grade dysplasia [4]. The present case is suggestive of tumor orig-
ination from metaplastic change because of its relation to the 
glandular epithelium as well as villous adenoma. 

The sarcomatoid variant of urothelial carcinoma is rare, but has 
been reported in the urinary bladder [5], bladder diverticulum 
[6], ureter [7], renal pelvis [8], and urethra [9]. As far as we know, 
this is the first case report of sarcomatoid UC arising from a 
urethral diverticulum. One meta-analysis showed that sarcoma-
toid urothelial carcinoma of the bladder tended to present as more 
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advanced disease than conventional urothelial carcinoma, which 
might lead to worse survival outcomes [5]. Sarcomatoid urothe-
lial carcinoma is defined as a biphasic tumor composed of both 
malignant epithelial and mesenchymal elements, and the latter el-
ement is morphologically indistinguishable from sarcoma [10,11]. 
For most cases, the carcinomatous component is urothelial, but 
variable degrees of squamous cell carcinoma, adenocarcinoma, 
and small cell carcinoma components can be present [10,11]. The 
sarcomatous component is reported to constitute 20% to 100% 
of the tumor volume [12] and usually presents as undifferenti-
ated high-grade sarcoma [11]. A heterologous component can 
be seen, most commonly osteosarcoma, followed by chondrosar-
coma, leiomyosarcoma, rhabdomyosarcoma, liposarcoma, and an-
giosarcoma [10,11]. In tumors in the urinary system and those 
exclusively consisting of malignant spindle cells, the first differ-
ential diagnostic consideration should be sarcomatoid UC, since it 
can show a wide range of morphologies, and primary sarcoma of 
the urinary tract is rare. In such cases, extensive gross examination 
and immunohistochemistry must be performed to confirm the ex-
istence of a carcinoma component. In this case, transvaginal needle 
biopsy showed only high-grade sarcoma, suggesting primary 
urethral sarcoma. However, a very small urothelial carcinoma 
component was identified in the surgically resected specimen 
after extensive tissue examination. 

Recently, immune checkpoint inhibitor therapy has demon-
strated anti-tumor effects in advanced urothelial carcinoma. At-
ezolizumab is a Food and Drug Administration (FDA)-approved 
anti–programmed death-1/PD-L1 agent used for the treatment 
of advanced bladder cancer. PD-L1 SP142 immunohistochemis-
try was approved by the FDA as a companion diagnostic test in 
urothelial carcinoma patients based on the results of a phase 2 
clinical trial, IMvigor210 [13]. However, a phase 3 randomized 
controlled trial, IMvigor211 [14], revealed higher PD-L1 SP142 
expression (≥ 5% positivity in ICs) to be associated with response 
to both atezolizumab and chemotherapy in patients with plati-
num-treated locally advanced or metastatic urothelial carcinoma. 
Li et al. [15] evaluated PD-L1 SP142 expression in bladder UC 
and showed that the sarcomatoid variant was significantly associ-
ated with higher PD-L1 expression. In our case, the UDC showed 
high PD-L1 SP142 expression (IC 90%), but the tumor pro-
gressed despite atezolizumab administration. The PD-L1–nega-
tive urothelial carcinoma component could be the driver of pro-
gression in this patient, although the progressed lesion was not 
confirmed histologically. We report a very unusual case of sarco-
matoid UC in the female urethral diverticulum, which showed 
aggressive behavior and resistance to atezolizumab therapy de-

spite high PD-L1 expression. Consideration of a broad range of 
histologic features is needed to diagnose sarcomatoid UC of the 
urinary system.
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Gastric carcinoma (GC) is the most common malignancy in 
Korea [1]. The common metastatic sites of GC include the region-
al lymph nodes, liver, peritoneum, bone marrow, and lung. Metas-
tasis of GC to the male genital tract, including the testis, epidid-
ymis, scrotum, and spermatic cord, is exceptionally unusual in 
clinical practice [2]. Although previous studies have reported 
fewer than 30 cases in the past 70 years, detection of metastatic 
gastric adenocarcinoma in urine cytology is unique [2].

GC has varied histologic features, which causes problems 
with diagnosis through urine cytology. Our case emphasizes the 
importance of considering secondary lesions involving the testis 
in the urine cytology of relatively young patients. Although a 
clinical history of GC is a clue to diagnosis, this clinical informa-
tion is not always available.

CASE REPORT

A 44-year-old male was admitted to our hospital with a history 
of swelling and pain in the left scrotum for 3 months. He was 
diagnosed with gastric tubular adenocarcinoma, moderately 
differentiated at another hospital in July 2016 (Fig. 1). He under-
went radical subtotal gastrectomy for GC at another hospital 
and was classified as American Joint Committee on Cancer 
pathologic stage pT3N3. One year later, the patient received 
postoperative adjuvant chemotherapy with FOLFOX (oxaliplatin 
plus fluorouracil and leucovorin) for 14 cycles. The ensuing com-
puted tomography scan suggested massive peritoneal seeding. 
Staging laparoscopic examination revealed intraperitoneal dis-

seminated nodules in the transverse and sigmoid colon and the 
liver. The patient received 21 courses of intraperitoneal chemo-
therapy for 20 months. Five months later, the patient presented 
with progressive scrotal pain and swelling. Scrotal ultrasonog-
raphy revealed an ill-defined hypoechoic lesion and a large fluid 
collection in the left scrotal sac. His serum levels of lactate dehy-
drogenase (LDH), α-fetoprotein (AFP), and β-human chorionic 
gonadotropin (β-HCG) were normal. Routine voided urine cytol-
ogy (ThinPrep, Hologic, Inc., Marlborough, MA, USA) revealed 
numerous, overlapping, 2-dimensional sheets with central lumina 
formation (Fig. 2A). The tumor cells showed vacuolated cyto-
plasm with moderate nuclear pleomorphism, coarse chromatin, 
and prominent nucleoli (Fig. 2B). Radical orchiectomy was per-
formed at the same time. On gross examination, the testis was re-
placed partly by an infiltrating whitish mass measuring 3.4 × 1.6 
cm (Fig. 1C). Histologically, the tumor showed irregularly dis-
tended or fused tubular or glandular structures in a background 
of atrophic testis (Fig. 1D). The cells exhibited variable amounts 
of intraluminal mucin with nuclear pleomorphism. Abundant 
lymphatic and vascular invasions were observed. Based on the 
pathologic features of the patient’s previous original hematoxylin 
and eosin slide and his clinical history, a diagnosis of metastatic 
adenocarcinoma from urine cytology and surgical specimen was 
established. Although the patient subsequently received chemo-
radiotherapy, he died of complications two months later.

DISCUSSION

In cases with a clinical history of gastric cancer, diagnosis of 
metastasis based on cytology is uncomplicated and can be con-
firmed through review of hematoxylin and eosin–stained slides 
and immunohistochemistry. For cases that lack clinical history of 
a primary lesion, however, the differential diagnosis is difficult 
and supported by few features, especially in urine cytology.

Metastatic gastric cancer of the testis diagnosed through urine cytology
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The first consideration for differential diagnosis of abnormal 
cells on urine cytology is primary urinary bladder cancer, includ-
ing high-grade urothelial carcinoma (HGUC) and adenocarcino-

ma [3,4]. The differential diagnosis should include non-urothelial 
neoplasms, such as metastases from other lesions and primary 
testis neoplasms either by direct invasion or lymphohematoge-

Fig. 1. Representative image of hematoxylin and eosin staining of a specimen from subtotal gastrectomy (A, B). In a radical orchiectomy 
specimen, an infiltrating whitish mass shows involvement of the testis (C). Histologically, this tumor is composed of an atypical glandular 
structure (D) that is frequently found in lymphovascular spaces (E), compatible with metastatic adenocarcinoma.

Fig. 2. Representative image of urine cytology on liquid-based preparation. (A) Voided urine cytology reveals numerous, crowded, over-
lapped clusters with occasional luminal formations. (B) Tumor cells show granular and vacuolated cytoplasm with moderate nuclear pleo-
morphism.
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nous dissemination [3,4]. Relatively abundant and vacuolated 
cytoplasm is important in the differential diagnosis of HGUC. 
The absence of large uniform cells with dis-cohesion mixed with 
lymphocytes helps distinguish seminoma, the most common neo-
plasm of the testis [4]. However, metastatic adenocarcinoma 
and primary adenocarcinoma of the urinary bladder might be in-
distinguishable because they are fairly similar to their counterparts 
in organs such as the stomach, colon, and prostate [3,5]. When 
encountered with this diagnostic challenge, physicians can use 
certain clinical and morphological characteristics to differentiate 
metastatic lesions. The average age at diagnosis of metastasis to 
the testis is older than 50 years (range, 23 to 72 years) [2]. In 
contrast, patients with primary testicular tumors are rarely older 
than 40 years [6], and those with HGUC typically are older than 
70 years [7]. Tumor markers in the serum also contribute to the 
differential diagnosis. Carbohydrate antigen 19-9 [8,9] and car-
cinoembryonic antigen [9] levels, related to GC, along with 
AFP, LDH, and β-HCG levels, related to primary tumors of the 
testis, are different according to clinical settings. Furthermore, 
metastatic symptoms include a palpable mass in the groin with 
or without pain, scrotal swelling, and hydrocele [2]. A review of 
the patient’s clinical manifestations and histologic features can 
suggest metastatic lesions.

Progressive GC metastasis to the testis is extremely rare, has a 
poor prognosis, and is a diagnostic challenge [2]. For cases that 
include the possibility of metastasis, urine cytology can be a help-
ful screening method when correlated with clinical history of 
secondary lesions, especially in the testis.
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