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Invasive stratified mucin-producing B

carcinoma of the colorectum: expanding
the morphologic spectrum of large bowel
cancer

Finn Morgan Auld' and Terence N. Moyana'~

Abstract

Background Invasive stratified mucin-producing carcinoma is a recently recognized adenocarcinoma with dis-
tinctive features. It was first described in the cervix but similar tumors have since been reported in the penis, anus
and prostate. In the gastrointestinal tract, the phenomenon of epithelial stratification has an interesting embryologic
morphogenesis. Gastrointestinal mucosa starts off as nascent columnar epithelium that is subsequently patterned
to confer regional specific functions. However, in disease states, normal architectural patterning can be disrupted

by aberrant differentiation. Given this background and the phenotypic plasticity of neoplastic cells, we were inter-
ested in ascertaining whether invasive stratified mucin-producing carcinoma occurs in the colorectum.

Methods This was a retrospective study of all 584 cases of colorectal carcinoma accessioned at our institution
over a 2-year period (January 2021- December 2022). Cases were analyzed to determine which fulfilled the criteria
for invasive stratified mucin-producing carcinoma.

Results There were 9 cases of colorectal invasive stratified mucin-producing carcinoma—one pure form and 8
mixed. They showed the classic colorectal (CK20+, CDX2 +, CK7-) immunostaining profile but, based on various mor-
phologic criteria, they could be distinguished from conventional adenocarcinoma NOS, mucinous, signet ring cell,
medullary, goblet cell and undifferentiated carcinomas. About half the cases were MLH1/PMS2 deficient and BRAF &/
or PIK3CA mutated, which aligns with the hypermutated phenotype.

Conclusions Colorectal invasive stratified mucin-producing carcinoma appears to be a real entity, best recognized

in its early stages. It appears to be a high-grade carcinoma. With tumor progression, it evolves into a mucinous
adenocarcinoma with a proclivity towards signet ring cells. In summary, the study of this tumor, particularly in its early
stages, provides useful clues to further understanding the biology and progression of large bowel cancer. Further
studies are required to learn more about this tumor.
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The tumor cells show at least focal amounts of intracy-
toplasmic mucin dispersed throughout the entirety of
lesional epithelium but without overt gland formation.
The tumor was first described in the cervix as a human
papilloma virus (HPV)-associated neoplasm. Similar
tumors have since been reported in other sites such as
the penis and the anus, with or without an association
with HPV [6-10]. An analogous phenomenon of epithe-
lial stratification has also been recently described in the
non-cribriform variant of prostatic adenocarcinoma and
in transition zone adenocarcinomas [11, 12]. In addition,
more recently, benign forms of stratified intraepithelial
mucinous proliferation of the cervix have been docu-
mented without an association with HPV [13].

From a gastrointestinal (GI) perspective, the concept
of epithelial stratification has an interesting embryologic
morphogenesis. GI mucosa is endoderm-derived and
starts off as columnar nascent epithelium that is subse-
quently patterned to confer regional-specific functions
along the cephalocaudal axis [14, 15]. This results in cyto-
differentiation into a diversity of epithelial cell types that
is mediated by key transcription factors, signaling path-
ways and epithelial-mesenchymal interactions. In notably
2 sites, the esophagus and anal canal, there is a stratified
squamous/columnar epithelium transition zone that is
carefully regulated during embryologic development and
maintained that way throughout life. However, in disease
states, aberrant differentiation from pluripotent stem
cells can disrupt the normal architectural patterning of
the epithelium e.g. intestinal metaplasia in Barrett’s and
Paneth cell metaplasia in inflammatory bowel disease
[14, 15].

The phenomenon of epithelial stratification is already
well-documented in colorectal neoplasia e.g. squamous
morules, squamous/adenosquamous carcinoma or vari-
ous combinations thereof [16—18]. Given this background
and the phenotypic plasticity of neoplastic cells, we were
interested in ascertaining whether ISMC occurs in the
colorectum.

Methods

Case selection

Approval for the study was obtained from our institu-
tional Research Ethics Board. Our surgical pathology
records were searched for cases of colorectal adenocar-
cinoma (CRC). The specimens included major resections,
local resections (e.g. transanal endoscopic microsur-
gery and endoscopic mucosal resections) and polypec-
tomies. Most of the resections had a prior endoscopic
biopsy that was positive for carcinoma, and for the
review, it was paired with the corresponding resection.
All cases accessioned at our institution during the 2-year
period from January 1, 2021 to December 31, 2022 were
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retrospectively analyzed. The specimens were fixed, pro-
cessed and examined according to standard procedures.
For cases that had received neoadjuvant treatment, par-
ticular attention was paid to therapy-induced changes
such as inflammation, fibrosis and acellular mucin as
possible morphologic confounding factors; in these
cases, the prior diagnostic biopsy helped in determining
the original histology. The electronic medical records of
the patients were reviewed to exclude the possibility of
direct spread/metastasis from some other primary e.g.
gastric, breast and lymphoma.

Histologic assessment

The slides were reviewed to determine whether there
were any cases fulfilling the diagnostic criteria of ISMC
as stipulated in previous publications [1-9], namely: i)
stromal invasive carcinoma composed of solid periph-
erally-palisaded nests of tumor cells containing variable
amounts of intracytoplasmic mucin stratified throughout
the entire tumor thickness ii) the tumors were regarded
as pure if >90% of the tumor was ISMC and iii) mixed if
the ISMC component was>10% and <90%. iv) Tumors
with<10% of the ISMC component were excluded from
the study.

Special stains and immunohistochemistry

To aid in the morphologic assessment of ISMC, every
putative case was stained for mucicarmine as well as
CK7, CK20, CDX2, synaptophysin, chromogranin, p40,
MUC 2, MUC 4, p16 and p53 using the Bond Max stain-
ing system. This panel allowed us to be more definitive
in our selection criteria. The mucicarmine stain high-
lighted the intracytoplasmic mucin in the stratified
cells. When combined with the CK7, CK20 and CDX-2
immunophenotype, it was helpful in ruling out medul-
lary (aberrant immunoprofile) and undifferentiated car-
cinomas [19-22]. MUC2 and MUCA4 helped in providing
quantitative and qualitative aspects to the nature of the
mucin—MUC?2 is the main constituent of secreted intes-
tinal mucin whereas MUC4 is membrane-associated [23,
24]. The pattern of staining for synaptophysin and chro-
mogranin assisted in ruling out neuroendocrine neo-
plasms and goblet cell carcinomas. P40 was used to assist
in excluding the possibility of squamous differentiation.

Biomarker testing

Reflex immunohistochemistry testing for DNA mismatch
repair protein expression (AMMR) was carried out on
all colorectal biopsies that were positive for adenocarci-
noma (or resections if there was no biopsy) with no age
cutoffs. The standard 4-antibody panel was used (MLH1,
MSH2, MSH6 and PMH2. In cases with loss of nuclear
expression for MLH1 and PMS2, this was followed by
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next-generation sequencing (NGS). NGS was also carried
out on stage 3 or 4 CRC cases if so requested by the cli-
nicians. Briefly, the tumor was dissected manually with-
out microscopic observation. DNA was analyzed using a
targeted NGS assay [Oncomine Comprehensive Assay v3
(OCAv3)]. Given the depth of coverage achieved for this
sample, the assay was able to detect DNA variant allele
frequencies > 5% for point mutations and small insertions
and deletions with a sensitivity >95%. Genomic regions
analyzed include KRAS (exons 2,3,4), NRAS (exons
2,3,4), BRAF (exon 15) and PIK3CA (exons 9,20).

Results

Patient demographics and clinicopathologic features

A total of 584 CRC cases were reviewed during the
2-year period. Nine cases met the diagnostic criteria
for IMSC with 1 case being pure ISMC while the other
8 were mixed (Table 1). The group was comprised of 5
women and 4 men with a mean age of 68 years (range
44-81 vyears). Eight tumors were located in the right

Page 3 of 9

colon and 1 in the sigmoid colon. Two of the tumors
were associated with a pre-existent adenoma. Follow-up
ranged from 7 to 32 months (mean 22 months): 5 patients
showed no evidence of disease, 3 were alive with disease,
and 1 died of disease.

Morphologic evaluation

The one pure ISMC (case 1) was of particular interest and
will be described in considerable detail (Figs. 1 & 2). Grossly,
it was located in the ascending colon and measured 2.1 by
1.6 cm to a depth of 0.5 cm. It was a relatively early adeno-
carcinoma (pT1) arising from a pre-existent conventional
tubular adenoma (Fig. la). The tumor was characterized
by well-demarcated, solid, trabecular or insular groups
of tumor cells with pushing margins rounded contours
(Fig. 1b). The periphery of the cell groups was rimmed by
immature-looking-cells with round vesicular nuclei and
amphophilic or somewhat clear cytoplasm; these were
the relatively mucin-poor areas of the tumor (Fig. 1c).
The more central areas tended to have larger amounts

Table 1 Clinicopathologic features of the 9 cases of ISMC

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case7 Case 8 Case 9
Age, sex 74,F 66, M 56, F 66, F 82, F 77, F 76, M 71M 44, M
Colorectal Ascending  Ascending  Cecum Sigmoid Transverse Hepatic Cecum Ascending  Hepatic
site colon colon colon colon flexure colon flexure
Tumor size 21x15x05 3.0x25x08 55x50x1.2 50x3.0x25 154x100x3.1 45x26x14 36x35x25 51x47x3.2 60x50x2.7
% of ISMC 90% 60% 30% 20% 20% 20% 15% 15% 10%
Pre-existing  TA None TVA None None None None None None
lesion
LVI Present Present Present Present Present Present Present Present Present
PNI Absent Absent Absent Present Absent Absent Present Absent Present
Tumor stage  TTNOMO T3N1bMO T3NTaMO T4aN2bM0O  T4aN2aMO T3N2bMO T4bN2bM1a T4bN2aM1  T4aN2bMO
Appendix Present; Present; Present; Present; Present; Appendix Remote Remote Present;
normal normal normal normal normal with SSP appendec-  appendec-  normal
tomy tomy
MLH1 Loss Loss Loss Intact Loss Loss Intact Intact Intact
MSH2 Intact Intact Intact Intact Intact Intact Intact Intact Intact
MSH6 Intact Intact Intact Intact Intact Intact Intact Intact Intact
PMS2 Loss Loss Loss Intact Loss Loss Intact Intact Intact
KRAS No mutation No mutation No mutation No mutation No mutation No mutation No mutation
NRAS No mutation No mutation No mutation No mutation No mutation No mutation No mutation
BRAF BRAF V60OE  BRAFV600E  No mutation No mutation BRAF V600E BRAF V60OE No mutation
(C1799T>A) (c.1799T>A) (c1799T>A) (c1799T>A)
mutation mutation mutation mutation
PIK3CA PIK3CA PIK3CA No mutation No mutation PIK3CA No mutation PIK3CA
mutation mutation mutation mutation
(p.Glu81Lys)  (p.Glu81Lys (p.Glu54Lys) (p.Glu81Lys)
Post-surgical No chemo- ~ Chemo- Chemo- Chemo- Declined Chemo- Chemo- Chemo- Chemo-
treatment & therapy. 12 therapy.27  therapy.30  therapy.22  chemotherapy. therapy.21  therapy.27  therapy.7 therapy. 32
Follow up months. months. months. months. 18 months. months. months. months. months. Alive
Alive Alive Alive Alive Alive with dis-  Alive Alive Died of dis-  with no dis-
withnodis- withnodis- withnodis- withnodis- ease with disease  with disease ease ease
ease ease ease ease
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Fig. 1 a Photomicrograph of case 1 (pure ISMC) showing the tumor in the centre (stage pT1), tubular adenoma on right and normal mucosa

on either side. (H&E; original magnification x 0.6). b Low power showing the lobulated pushing margin of the tumor to the left and centre. (H&E;
original magnification x 2). ¢ The tumor showing a trabecular pattern with peripheral palisading. There are stratified epithelial cells with variable
amounts of intracytoplasmic mucin. The stroma shows a lymphoplasmacytic infiltrate (H&E; original magnification x 20). d More detailed cytologic
features of the trabeculae. The peripheral cells have round vesicular nuclei and amphophilic cytoplasm (mucin-poor). More mucin-containing cells

centrally. (H&E; original magnification x 40)

of intracytoplasmic mucin (Fig. 1d). Tiny foci of mucin
extravasation and early dyscohesion of the tumor cells could
be seen. In areas, the tumor had an anastomosing pattern
(Fig. 2a) but still with a well-demarcated pushing front and
low tumor budding (Fig. 2b). The mucicarmine stain high-
lighted the variable amounts of intracytoplasmic mucin as
well as extravasated mucin (Fig. 2c). The MUC2 showed the
mucin in an analogous manner to mucicarmine but MUC4
was patchy. Two tumors showed overexpression for p53 and
the rest had variable (wild type) staining (Fig. 2d); none were
completely negative (null phenotype).

Of the mixed tumors, case 2 (Fig. 3) had the largest
component of ISMC (60%). It’s configuration was simi-
lar to case 1 in that it was slightly exophytic with a broad
undulating base (Fig. 3a). The tumor was mostly con-
tained by the muscularis propria but a few small nub-
bins had broken through the muscle (pT3) (Fig. 3b). The
tumor showed more architectural complexity (compared

to case 1) in that there was more variation in the size and
shape of the cell groups. The combination of groups of
stratified immature and mucin-containing cells, mitotic
figures and apoptotic bodies in a mucinous background
provided quite a variegated checkerboard type picture
(Fig. 3c). In other areas, this gave way to a predomi-
nance of signet ring cells, singly or in small clusters, in a
mucinous background (Fig. 3d). This case showed over-
expression of p53 (strong positivity in>75% of the tumor
cells) on immunohistochemistry. The other 7 cases had a
smaller ISMC component ranging from 10 to 30% with
the main component being mucin pools and signet ring
cells. So by the generally accepted definition (>50% muci-
nous component), they would be classified as mucinous
adenocarcinomas. Overall, based on their proclivity for
mucinous and signet ring cell differentiation and/or met-
astatic behavior, all the 9 cases (pure and mixed ISMCs)
in this study appear to be high-grade carcinomas.
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Fig. 2 aThe stratified cells show an anastomosing arborizing pattern that is immed by the primitive-looking cells. The stratified mucin-containing
cells have clear or slate grey cytoplasm (H&E; original magnification x 20). b High-power view showing stratified mucin containing cells

with an interdigitating pattern. A few benign colonic mucosal glands are seen on the left. Tumor budding is on the low end of the spectrum.

(H&E; original magnification x40). ¢ This is a mucin-rich area with a central focus of cell breakdown and mucin extravasation. Such foci mark

the beginning of the mucin component. (Mucicarmine; original magnification x40). d Immunohistochemistry for p53 showing a wild-type pattern

in the pure ISMC. (Original magnification x40)

All the tumors were positive for CK20 and CDX-2
consistent with the conventional CRC immunopheno-
type [19-22]. They were negative for CK7 except for a
few cases that showed small scattered foci of positivity.
None of the tumors showed sizable areas of positivity for
neuroendocrine differentiation as determined by synap-
tophysin and chromogranin. None of the tumors showed
block-like positivity for pl6. By routine histology, there
were no areas of squamous differentiation in any of the
tumors; p40 immunohistochemistry was negative even in
the relatively mucin-poor peripheral areas. None of the
tumors showed goblet cell nests, Paneth-like cells and
neuroendocrine cells as encountered in goblet cell car-
cinoma. From a biomarker perspective, 5 of the tumors
(5/9) showed loss of nuclear expression for MLH1 and
PMS2 (Table 1). Of these, 4 (4/7) had a BRAF mutation.
Four of 7 cases (4/7) a PIK3CA mutation. No tumors
(0/7) had KRAS or NRAS mutations.

Discussion

It is common knowledge that epithelial-lined organs such
as the GI, respiratory and the genitourinary systems can
develop both adenocarcinomas and squamous cell carci-
nomas or combinations thereof. One of the hallmarks of

squamous cell carcinoma is epithelial stratification. What
is not as well-known is the phenomenon of epithelial
stratification with intracytoplasmic mucin as has recently
been described in the cervix, anus, penis and prostate
[1-9]. The current study shows that this phenomenon
can also occur in the colorectum. It is different from
squamous differentiation in that [16—19] it is a cohesive
group of stratified epithelial cells with variable amounts
of intracytoplasmic mucin dispersed through the entirety
of the lesion but without overt gland formation.

Colorectal ISMC differs from the well and moderately
differentiated (low-grade) adenocarcinomas (NOS) in
that there are no well-formed conventional glands found
in this tumor. With poorly differentiated conventional
adenocarcinomas (NOS), the glands are still present
though they are highly irregular and more difficult to dis-
cern compared to low-grade tumors. Furthermore, these
tumors are often quite desmoplastic with irregular infil-
trative margins/high tumor-budding scores [22, 25-27],
and lack the trans-lesional stratified pattern with periph-
eral palisading of ISMCs [1-9].

Colorectal ISMC is different from the mucinous ade-
nocarcinoma in its histologic architecture and constitu-
ent cells. Mucinous adenocarcinomas generally have
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Fig. 3 a Case 2 (mixed type of ISMC) showing a similar configuration to case 1 i.e. slightly exophytic tumor with a broad undulating base. It

was mostly contained by the muscularis propria but a few small foci just managed to push through (stage pT3). (H&E; original magnification x 0.4).
b Case 2 highlighting the invasive front of the tumor. It still has a pushing margin but a few groups of tumor cells are breaking off and beginning
to infiltrate the underlying muscularis propria. Note the small focus of lymphovascular invasion in the central part of the muscle wall. (H&E; original
magnification x 20). ¢ The stratified cells are showing architectural complexity and variegation. (H&E; original magnification x 20). d Field showing
a preponderance of signet ring cells in a mucinous background. (H&E; original magnification x 20)

conventional glands (Fig. 4a) admixed with (extracellular)
mucinous pools (>50% of the tumor) though there can be
variable numbers of signet ring cells (intracellular mucin)
[22, 25-27].

ISMC also has to be distinguished from medullary
carcinoma [20-22, 25-27] which is largely composed of
polygonal cells with vesicular nuclei, prominent nucleoli,
and abundant cytoplasm (Fig. 4b). The tumor cells are
mostly arranged in sheets, nests or trabeculae with at the
most very few isolated glands or mucin. The immunohis-
tochemical profile of these tumors is aberrant (CK7+/
CK20-/CDX2-), thus differing from ISMCs which have
a typical CRC immunoprofile (CK20+/CDX2+ /CK7-).
Medullary carcinoma is an important category because,
despite its seemingly undifferentiated appearance, it
has less frequent lymph node metastasis and a rela-
tively favorable prognosis [20-22, 25-27]. In contrast, 8
of 9 CRC ISMC:s in this limited series had lymph node
metastases.

Unlike CRC ISMC, undifferentiated carcinomas show
no glandular structures or any other features that are
indicative of definite differentiation [21, 22, 25, 27]. It is
possible that some of the cases originally designated as
undifferentiated CRCs may in fact represent medullary
carcinoma [20-23, 27].

Another important differential diagnosis is signet
ring cell carcinoma (Fig. 4c) or discohesive carcinoma
which is mostly seen in the stomach [28-31]. This gas-
tric adenocarcinoma, even in its early stages, appears
to begin de novo as signet ring cell carcinoma [29-31].
In fact, since its early stages can mimic mucin neck
cells, recent genetic studies and follow up have helped
to better recognize and define this entity. In contrast, it
has been noted that the origin of colorectal signet ring
cell carcinoma is quite confounding with the excep-
tion of those tumors that clearly have an origin in the
more conventional mucinous adenocarcinomas associ-
ated with an overlying adenoma [27]. Tumors meeting
the strict definition of CRC signet ring cell carcinoma
(>50% of isolated tumor cells having prominent intracy-
toplasmic mucin) are rare [27, 32]. They tend to be fairly
homogeneous with little if any glandular formation
and present at advanced stages with a rapid downward
course. In the case of CRC ISMC, the signet ring cells
appear to be a product of tumor progression i.e. they are
seen admixed with mucinous pools and other cohesive
irregularly shaped tumor cell clusters rather than the
relatively more homogeneous diffusely infiltrative indi-
vidual signet ring cells seen in the stomach or colorec-
tum [27-32].
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Fig. 4 a Mucinous adenocarcinoma showing a few profiles of conventional malignant colonic acini associated with pools of extracellular

mucin. (H&E; original magnification x40). b Medullary carcinoma showing groups of polygonal cells with vesicular nuclei, prominent nucleoli
and abundant cytoplasm arranged in a diffuse or nesting pattern. (H&E; original magnification x 40). ¢ Signet ring cell carcinoma showing

a predominance of dyscohesive cells with prominent intracytoplasmic mucin and a crescentic nucleus that is displaced to one side. (H&E; original
magnification x40). d Goblet cell carcinoma (grade 1) composed of small well-defined nests of goblet-like cells. Immunohistochemistry showed
scattered neuroendocrine cells within the goblet cell clusters. Other areas showed Paneth cell differentiation. (H&E; original magnification x 40)

ISMC should also to be distinguished from goblet cell
carcinoma (Fig. 4d). This is a tumor of appendiceal ori-
gin that characteristically shows discrete tubules or clus-
ters of goblet-like mucinous cells admixed with variable
numbers of neuroendocrine cells and Paneth-like cells
[33-35]. With progression, there is an increase in the
number of signet ring cells, mucinous pools and archi-
tectural complexity. Indeed, the recently proposed idea of
grading goblet cell carcinomas was meant to address this
phenomenon [33-35]. Colorectal ISMC, however, differs
from goblet cell carcinoma in that it is neither located
in the appendix nor does it demonstrate the amphicrine
composition that includes goblet cell nests, neuroendo-
crine cells and Paneth cells.

All in all, our findings show that CRCs with the his-
tology of ISMC do exist. The study suggests that, with
tumor progression, CRC ISMCs develop a more promi-
nent mucinous and signet ring cell component in a
manner similar to the increase in complexity and histo-
logic grade that occurs with goblet cell carcinomas [29—
31] and other tumors. The importance of this entity is
that it highlights the phenotypic plasticity of colorec-
tal progenitor cells, and provides another pathway for
the genesis of signet ring cells besides conventional

mucinous CRC adenocarcinoma [27]. The experience
with these tumors in other organs is still limited, but
various authors suggest that it is an aggressive neo-
plasm [1-5], which is in accord with our study. Further
investigations are warranted to learn more about this
tumor, focusing on the early lesions that are easier to
recognize before tumor progression/dedifferentiation
efface the prototypical morphology. In this way, ISMC
could be enlisted together with other CRC morpho-
logic subtypes such as micropapillary, adenoma-like,
serrated, mucinous, poorly cohesive, signet ring cell,
medullary, adenosquamous and sarcomatoid carcinoma
[21, 22, 25-27]. Ultimately, all these histologic patterns
are a manifestation of the phenotypic plasticity of the
progenitor cells. The resultant diversity of carcinoma
types does, however, have clinicopathologic and prog-
nostic utility. At the same time, it is increasingly being
recognized that there is value to combining the histo-
logic classification with the clinical profile and molecu-
lar signatures. For CRC ISMCs, to the extent that they
tend to be right-sided, mucinous, lymphoplasmacytic,
MLH1/PMS2 deficient with BRAF mutations, they
seem to be aligned with the hypermutated molecular
phenotype [36-38]. Future studies, both prospective
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and retrospective, are required to better characterize
these tumors.

Conclusions

Colorectal invasive stratified mucin-producing carci-
noma appears to be a real entity, best recognized in its
early stages. It appears to be a high-grade carcinoma. With
tumor progression, it evolves into a mucinous adenocarci-
noma with a proclivity towards signet ring cells. In sum-
mary, the study of this tumor, particularly in its early stages,
provides useful clues to further understanding the biology
and progression of large bowel cancer. Further studies are
required to learn more about this tumor.

Abbreviations

CRC  Colorectal adenocarcinoma

Gl Gastrointestinal

HPV  Human papilloma virus

ISMC  Invasive stratified mucin-producing carcinoma

LVI Lymphovascular invasion
NOS  Not otherwise specified
PNI Perineural invasion

Authors’ contributions

Conception and design of the work: TM. Data acquisition, analysis: TM,

FMA. Interpretation of data: TM, FMA. Drafted the work: TM. Approved the
submitted version: TM, FMA. Agreed both to be personally accountable for
the author’s own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work, even ones in which the author
was not personally involved, are appropriately investigated, resolved, and the
resolution documented in the literature: TM, FMA.

Funding
Pathology and Laboratory Medicine Academic Enhancement Fund (OH CO
944100000).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Approval for the study was obtained from the Ottawa Health Science Network
Research Ethics Board (OHSN-REB) OHSN-REB Protocol #: 20120399-01H.

Studies involving animals
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 6 September 2023 Accepted: 23 September 2023
Published online: 18 October 2023

Page 8 of 9

References

1. Lastra RR, Park KJ, Schoolmeester JK. Invasive Stratified Mucin-producing
Carcinoma and Stratified Mucin-producing Intraepithelial Lesion (SMILE).
Am J Surg Pathol. 2016;40(2):262-9.

2. Onishi J, Sato Y, Sawaguchi A, et al. Stratified mucin-producing intraepi-
thelial lesion with invasive carcinoma: 12 cases with immunohistochemi-
cal and ultrastructural findings. Hum Pathol. 2016;55:174-81.

3. Stolnicu S, Segura S, Parra-Herran C, et al. Invasive stratified mucin-pro-
ducing carcinoma (ISMC) of the cervix: a study on morphologic diversity.
Am J Surg Pathol. 2020;44(7):873.

4. Boyle DP, McCluggage WG. Stratified mucin-producing intraepithelial
lesion (SMILE): report of a case series with associated pathological find-
ings. Histopathology. 2015;66(5):658-63.

5. Hodgson A, Park KJ. Cervical adenocarcinomas: a heterogeneous group
of tumors with variable etiologies and clinical outcomes. Arch Pathol Lab
Med. 2019;143(1):34-46.

6. Michal M, Michal M, Miesbauerova M, Hercogova J, Skopalikova B,
Kazakov DV. Penile analogue of stratified mucin-producing intraepithelial
lesion of the cervix: the first described case. A diagnostic pitfall Am J
Dermatopathol. 2016;38(5):e64-7.

7. Yorita K, Kuroda N, Naroda T, et al. Penile warty mucoepidermoid carci-
noma with features of stratified mucin-producing intra-epithelial lesion
and invasive stratified mucin-producing carcinoma. Histopathology.
2018;72(5):867-73.

8. Cimadamore A, Scarpelli M, Cheng L, Lopez-Beltran A, Montironi R.
Extramammary Paget disease of the penis closely mimicking the penile
analogue of stratified mucin-producing intraepithelial lesion. Minerva
Urol Nefrol. 2018;71(2):189-90.

9. Sekar A, Rana SS, Bardia A. SMILE-like lesion in the anal canal. Autops Case
Rep. 2021;11:€2021289.

10. Vyas M, Gonzalez RS. Anal intraepithelial neoplasia: a review of terminol-
ogy, differential diagnoses, and patient management. Hum Pathol.
2023;132:56-64.

11. Hameed O, Humphrey PA. Stratified epithelium in prostatic adenocar-
cinoma: a mimic of high-grade prostatic intraepithelial neoplasia. Mod
Pathol. 2006;19(7):899-906.

12. Montironi R, Cheng L, Lopez-Beltran A, Montironi MA, Galosi AB, Scarpelli
M. A low grade PIN-like neoplasm of the transition zone immunohisto-
chemically negative for basal cell markers: a possible example of low
grade adenocarcinoma with stratified epithelium. Pathology-Journal of
the RCPA. 2014;46(1):88-91.

13. Arslanian E, Singh K, Hansen K, Quddus MR. Benign stratified intraepithe-
lial mucinous proliferation of the uterine cervix: Significance of a previ-
ously unreported potential mimic of SMILE. Ann Diagn Pathol. 2022;60:
152025.

14. Thompson CA, DelaForest A, Battle MA. Patterning the gastroin-
testinal epithelium to confer regional-specific functions. Dev Biol.
2018;435(2):97-108.

15. Banerjee KK, Saxena M, Kumar N, et al. Enhancer, transcriptional, and
cell fate plasticity precedes intestinal determination during endoderm
development. Genes Dev. 2018;32(21-22):1430-42.

16. Guerra GR, Kong CH, Warrier SK, Lynch AC, Heriot AG, Ngan SY. Primary
squamous cell carcinoma of the rectum: an update and implications for
treatment. World journal of gastrointestinal surgery. 2016,8(3):252.

17. Lee HE, Chandan VS, Lee CT, Wu TT. Squamoid morules in the pseudoin-
vasive foci of colonic polyp morphologically mimic invasive carcinoma.
Hum Pathol. 2017;68:54-60.

18. Kontozoglou TE, Moyana TN. Adenosquamous carcinoma of the colon—
an immunocytochemical and ultrastructural study: report of two cases
and review of the literature. Dis Colon Rectum. 1989;32:716-21.

19. Yamagishi H, ImaiY, Okamura T, et al. Aberrant cytokeratin expression
as a possible prognostic predictor in poorly differentiated colorectal
carcinoma. J Gastroenterol Hepatol. 2013;28(12):1815-22.

20. Jessurun J, Romero-Guadarrama M, Manivel JC. Medullary adenocar-
cinoma of the colon: clinicopathologic study of 11 cases. Hum Pathol.
1999;30(7):843-8.

21. Fiehn AM, Grauslund M, Glenthgj A, Melchior LC, Vainer B, Willemoe GL.
Medullary carcinoma of the colon: can the undifferentiated be differenti-
ated? Virchows Arch. 2015;466:13-20.

22. Scott N, West NP, Cairns A, Rotimi O. Is medullary carcinoma of the colon
underdiagnosed? An audit of poorly differentiated colorectal carcinomas



Auld and Moyana Diagnostic Pathology

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

(2023) 18:113

in a large national health service teaching hospital. Histopathology.
2021;78(7):963-9.

Kufe DW. Mucins in cancer: function, prognosis and therapy. Nature Rev
Cancer. 2009;9(12):874-85.

Krishn SR, Kaur S, Smith LM, et al. Mucins and associated glycan sig-
natures in colon adenoma-carcinoma sequence: Prospective patho-
logical implication (s) for early diagnosis of colon cancer. Cancer lett.
2016;374(2):304-14.

Nagtegaal ID, Arends MJ, Odze RD. Tumours of the colon and rectum.
Chapter 6. World Health Organization (WHO) Classification of Tumours:
Digestive System Tumours. (Vol 4). 5th ed. Lyon, France: International
Agency for Research on Cancer; 2020.

Burgart LC, Chopp WV, Jain D. Protocol for the Examination of Resection
Specimens From Patients With Primary Carcinoma of the Colon and
Rectum Version: 4.2.0.2. Northfield. USA: IL; 2022.

Riddell RH, Petras RE, Williams GT, Sobin LH. Atlas of Tumor Pathology:
Tumors of the Intestines, 3rd series, fascicle 32. Washington DC: Armed
Forces Institute of Pathology; 2003. p. 85-240.

Mariette C, Carneiro F, Grabsch HI, Van der Post RS, Allum W, de Manzoni
G. Consensus on the pathological definition and classification of poorly
cohesive gastric carcinoma. Gastric Cancer. 2019;22:1-9.

Charlton A, BlairV, Shaw D, Parry S, Guilford P, Martin IG. Hereditary diffuse
gastric cancer: predominance of multiple foci of signet ring cell carci-
noma in distal stomach and transitional zone. Gut. 2004;53(6):814-20.
Iwaizumi M, Yamada H, Fukue M, et al. Two independent families with
strongly suspected hereditary diffuse gastric cancer based on the
probands’endoscopic findings. Clin J Gastroenterol. 2020;13:754-8.
Sugimoto S, Yamada H, Takahashi M, et al. Early-onset diffuse gastric
cancer associated with a de novo large genomic deletion of CDH1 gene.
Gastric Cancer. 2014;17:745-9.

Song IH, Hong SM, YU E, et al. Signet ring cell component predicts
aggressive behaviour in colorectal mucinous adenocarcinoma. Pathol-
ogy. 2019;51(4):384-91.

Yozu M, Johncilla ME, Srivastava A, et al. Histologic and outcome study
supports reclassifying appendiceal goblet cell carcinoids as goblet cell
adenocarcinomas, and grading and staging similarly to colonic adenocar-
cinomas. Am J Surg Pathol. 2018;42(7):8398-910.

Roy P, Chetty R. Goblet cell carcinoid tumors of the appendix: an over-
view. World journal of gastrointestinal oncology. 2010;2(6):251.

Zhang K, Meyerson C, Kassardjian A, Westbrook LM, Zheng W, Wang

HL. Goblet cell carcinoid/carcinoma: an update. Adv Anat Pathol.
2019;26(2):75-83.

Kocarnik JM, Shiovitz S, Phipps Al. Molecular phenotypes of colorec-

tal cancer and potential clinical applications. Gastroenterol report.
2015;3(4):269-76.

Inamura K. Colorectal cancers: an update on their molecular pathology.
Cancers. 2018;10(1):26.

Zhao Q, Wang F, Chen YX, et al. Comprehensive profiling of 1015 patients’
exomes reveals genomic-clinical associations in colorectal cancer. Nature
comm. 2022;13(1):1-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Invasive stratified mucin-producing carcinoma of the colorectum: expanding the morphologic spectrum of large bowel cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Case selection
	Histologic assessment
	Special stains and immunohistochemistry
	Biomarker testing

	Results
	Patient demographics and clinicopathologic features
	Morphologic evaluation

	Discussion
	Conclusions
	References


