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The urachus is an embryological remnant that extends from the bladder to the umbilicus. Urachal neoplasms represent less than

1% of malignant bladder tumors. The new 2016 edition of disease classifications from the WHO has updated the classification

of epithelial neoplasms of urachal origin, distinguishing between glandular and non-glandular neoplasms and between cystic

and non-cystic adenocarcinomas. In this article, we present two cases with similar clinical presentations but differing histology.

We address their morphological, immunohistochemical, and molecular characterization; review the classification and diagnostic

criteria of glandular urachal neoplasms included in the most recent literature with the aim of clarifying their differential diagnosis

as well as their prognostic implication; and, ultimately, better understand these infrequent biological entities.
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1. INTRODUCTION

The urachus is an extraperitoneal fibromuscular band that
extends from the bladder dome to the umbilicus.[! It is an
embryological remnant connecting the urinary bladder to the
allantois that obliterates following birth.?! This urachal rem-
nant consists of an epithelial canal surrounded by connective
tissue and smooth muscle layer.”®! This epithelium tends to
be urothelial, but the vast majority of urachal carcinomas are
glandular (normally adenocarcinoma).'¥! This suggests that
they could originate from intestinal metaplasia and posterior
malignant transformation.!

Urachal carcinoma tends to grow from the bladder dome
in the bladder-urachus junction. They are a rare neoplastic
entity that represents less than 1% of all malignant urinary
bladder tumors and between 10%-20% of bladder adenocar-
cinomas.[%7]

It was described for the first time in 1863 by Hue and
Jacquin.®! Since then, the terminology used for the sub-
types had been varied until the World Health Organization
(WHO) codified the different variants in the blue book pub-
lished in 2004.1 Recently, in the WHO’s fourth edition of
disease classifications, published in 2016, the classifications
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of epithelial neoplasms of urachal origin have been updated
in order to make their diagnosis more reproducible.

Clinical manifestations tend to derive from tumor invasion of
neighboring structures.[*! The majority of the tumors grow in
the submucosa or muscularis propria layer, without invading
the bladder mucosa in the first stages.!!”!

Due to the fact that urachal adenocarcinoma progresses with
slightly different symptoms and an ill-fated prognosis, it
tends to be considered more as a clinical entity that is inde-
pendent from the rest of bladder tumors.!'!1?!

Partial Cystectomy

2. CASE PRESENTATION

2.1 Casel

A 55-year-old woman who was a smoker and presented with
irritative urinary symptoms, lumbar, abdominal pain, and
gross hematuria. CT scan showed a lesion located in the
urachal region. The cystoscopy showed a lesion in the dome
that had a neoplastic appearance. Therefore, it was decided to
perform a Transurethral resection biopsy (TURB). It showed
aneoplasm composed of glands covered by columnar, mucin-
secreting epithelial cells with marked pleomorphism and
atypical mitosis alternating with pools of extracellular mucin.
This suggests that it was a moderately-differentiated intesti-
nal adenocarcinoma with mucinous areas (see Figure 1A-B).
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Figure 1. Pathological findings from Case 1. 1A-B: TURB fragments with mucinous adenocarcinoma and presence of

structural and cytological atypia (H&E, 40x and 63 ). 1C: Macroscopic image of a partial cystectomy showing the bladder
dome (mucosa and muscular wall) connected to an oval-shaped pseudocystic structure with mucinous content. It appears to
infiltrate the bladder wall. 1D: Bladder mucosa and submucosa infiltrated by mucinous adenocarcinoma (H&E, 40x). 1E:
Infiltration of the muscularis propria layer by mucinous adenocarcinoma with mucin pools and signet ring cells (H&E,
400x). 1F: Abundant mucinous pools with the presence of signet ring-type neoplastic cells (H&E, 200x).
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A partial cystectomy was performed. Grossly, this piece
included an adjacent urachal structure that measured 5 cm.
No macroscopic lesions were observed in the bladder mu-
cosa. A whitish-yellow, shiny, translucent, well-delimited
solid nodular tumor with a maximum diameter of 2.5 cm
was observed to be fixed to the external border of the muscle
wall of the bladder (see Figure 1C). On the histopathological
study, this nodular tumor was composed of mucin pools and
signet ring cells (see Figure 1F). It transmurally infiltrated

the bladder wall (see Figure 1E) and the submucosa (the
supra-adjacent bladder epithelium was intact) in the form of
mucinous adenocarcinoma (see Figure 1D) with presence
of signet ring cells (isolated or in clusters). No glandular
cystitis, intestinal metaplasia, or foci of dysplasia/carcinoma
in situ were observed in the peritumoral bladder mucosa.
Neither a healthy residual urachal structure nor involvement
of the surgical margins were identified.

Figure 2. Pathological findings from Case 2. 2A-B: TURB fragments with mucinous adenocarcinoma and presence of
structural and cytological atypia with adjacent areas of intestinal metaplasia (H&E, 20, 40, 200x, 400x). 2C:

Macroscopic image of a radical cystectomy. It has a cystic structure with a whitish wall and mucinous content adhered to
the anterior wall of the bladder. It does not appear to infiltrate the bladder wall. 2D: Mucosa and bladder wall occupied by
infiltrating mucinous material with the presence of clusters of signet ring cells (H&E, 40, 400x). 2E: Area of transition
between the bladder wall and cyst implantation base (H&E, 20x). 2F: Cyst composed of abundant mucinous pools and
fibrous wall partially covered with non-infiltrating intestinal metaplastic epithelium: It shows pseudostratification and mild
atypia and focal presence of epithelial plaques with high-grade atypia, mitosis, and signet ring cells. (H&E, 200x, 400x).
2G: Fibrous band free of neoplasms between the epithelium of the mucinous cystic tumor and the infiltrating neoplastic foci
of the primary mucinous adenocarcinoma of the bladder
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On the immunohistochemical study, the neoplastic cells
showed immunoexpression for cytokeratins (CK7: weak
and focal; CK20; diffuse), CDX-2, and beta-catenin in cy-
toplasmic and cellular membrane patterns, thus confirming
the urothelial origin of the neoplasia. Likewise, they showed
conserved expression of the four DNA Mismatch Repairs
Proteins (pMMR): MLH-1, MSH-2, MSH-6, and PMS-2
(see Figure 3).

Case 2. Bladder Tumor

the mutational state of KRAS, NRAS, and BRAF. No muta-
tions in those genes were detected.

Afterwards, a massive sequencing study was performed using
the Trusight Tumor 15 assay from Illumina. Multiple genes
were analyzed (AKT1, BRAF, EGFR, ERBB2, FOXL2,
GNAL1l, GNAQ, KIT, KRAS, MET, NRAS, PDGFRA,
PIK3CA, RET, and P53). Only a P53 mutation was detected
(p-Cys141Arg; c.421T>C, variant allele frequency: 0.268).

The decision was made not to give chemotherapy and a mon-
itoring approach was adopted. Currently, the patient is in
follow-up and is disease-free four years after surgery.

2.2 Case 2

A smoker and type II diabetes mellitus 60-year-old woman
patient presented urinary incontinence, and hematuria. Ra-
diologically (URO-CT), a lesion on the bladder and urachal
wall was observed. On the cystoscopy, a large bladder neo-
formation with mucoid and fibrin areas. A TURB was per-
formed (see Figures 2A, 2B). The tissue showed a neoplasm
composed of superficial glandular formations with intestinal
metaplasia-type and atypia (see Figure 2B, lower right) and
transition zones to predominantly-mucinous primary adeno-
carcinoma that, in depth, formed infiltrating pools of mucin
with clusters of signet right cells in their interior (see Figure
2B, upper right).

1 In the piece from the radical cystectomy, an excrescent, irreg-
" ular lesion on the bladder mucosa that measured 2.2 cm and

was of a clear, brownish-grey color was observed. It had an

17 irregular surface and appeared to infiltrate the muscle wall
| without affecting the peribladder fat. A cystic lesion mea-

§ suring 3.3 cm with yellowish mucinous content and whitish

walls was also noted. It was located in the anterior peri-
bladder fat area, at 2 cm from the bladder tumor lesion (see

... Figure 20).

. Microscopically, it was observed that the superficial borders

of the neoplasm were composed of glandular adenocarci-

*. noma with areas of intestinal metaplasia, whereas the main

Figure 3. Immunohistochemical findings from both cases.
Cytokeratin 7, Cytokeratin 20, CDX-2, 3-catenin, and
mismatch repair (MMR) proteins (MLH1, MSH2, MSH6,
and PMS?2)

The molecular study was carried out in the Laboratorio de Bi-

ologia Molecular del Cancer [Molecular Biology of Cancer
Laboratory] (CIMES, University of Mdlaga), where IDylla
technology based on quantitative PCR was used to analyze

Published by Sciedu Press

central component was abundant extracellular mucin. In
depth, the neoplasm displayed a pattern that was mainly mu-
cinous adenocarcinoma with signet ring cells, isolated and in
clusters/plaques, that floated in mucin pools and infiltrated
the bladder wall (see Figure 2D), remaining adjacent but with
no signs of continuity with the extrabladder mucinous cystic
structure (see Figure 2E, 2G).

This urachal cystic structure was composed of a thick fibrous
wall with dystrophic calcification. There were no signs of
epithelial entrapment or mucin extravasation in its interior. It
was partially covered by a non-infiltrating, mucinous, pseu-
dostratified columnar epithelium with mitosis and cytological
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atypia that varied from mild to severe (see Figure 2F middle)
with areas of cribriform patterns with signet ring cells (see
Figure 2F lower) as well as abundant unilocular mucinous
content with no signs of floating neoplastic cells (see Figure
2F upper).

On the immunohistochemical study, both tumor components
(the primary bladder tumor and the mucinous cystic structure)
showed a similar immunohistochemical profile. They had
immunoexpression for cytokeratins (CK7, CK20), CDX-2,
and beta-catenin of a cytoplasmic and cellular membrane pat-
tern, thus confirming the urothelial origin of both neoplasms.
Likewise, both components showed conserved expression of
the four DNA mismatch repair proteins (see Figure 3).

From a molecular point of view, both tumor components
were analyzed as independent samples using the same tech-
nology (Idylla and Trusight Tumor 15). Just as in the above
case, only a P53 mutation was detected. However, it was
a different variant (p.Arg248Gln; c¢.743G>A, variant allele
frequency: 0.762) and it was in both samples.

The Oncology team decided to opt for monitoring without
any adjuvant therapy for this patient. Currently, the patient
is in follow-up and is disease-free two years after surgery.

3. DISCUSSION

The diagnosis criteria for differentiating between adenocar-
cinomas of urachal origin and primary bladder adenocarci-
nomas were first described by Wheeler and Hill in 1954.1!3!
These criteria were later modified by Sheldon et al.,l'" who
proposed the classification system that is most recognized
today, but these criteria are too restrictive.!'”!

Recently, other criteria have been proposed by Gopalan et
al."%! and Dhillon et al.'”! These includes some that are al-
ready known, such as a) location of the tumor in the anterior
wall or fundus; b) absence of another known primary tumor;
c) epicenter in the bladder wall and; d) absence of cystitis
glandularis in the bladder surface. They also include two new
criteria: e) absence of urothelial neoplasms with glandular
differentiation in the rest of the bladder and f) absence of
atypical intestinal metaplasia.

We observe that these criteria are met in our first case. How-
ever, the bladder neoplasm in the second case is excluded due
to the presence of a mucinous adenocarcinoma-type primary
urothelial neoplasia with adjacent areas of atypical intestinal
metaplasia.

The WHO classification (2016) distinguishes between glan-
dular and non-glandular neoplasms and likewise differenti-
ates between cystic and non-cystic adenocarcinomas.!> '8!
The majority of urachal epithelial neoplasms are non-cystic

16

urachal adenocarcinomas. They are subdivided into the fol-
lowing subtypes: enteric, mucinous or colloid, mixed, of
signet ring cells, or unspecified.’!

The mucinous or colloid subtype must have predominance of
mucin pools with scattered or clustered malignant epithelial
cells floating in their interior. In the mixed subtype, there
should not be a predominant pattern whereas in the “un-
specified” subtype, the lesion should not show a classifiable
histology.®! The neoplastic cells may have intracytoplasmic
mucin and scattered or aggregated signet ring cells (“clus-
ters”) may be observed floating in the mucin pool.['”]

Our first case corresponds to a mucinous subtype, which is
characterized by pools of extracellular mucin with signet
ring cells that are scattered or in nests floating in its interior.
Mucinous cystic tumors are classified in a similary manner to
mucinous cystic neoplasms of the ovary. The classification
proposed by the WHO includes several entities, including
the Mucinous Cystic Tumor of Low Malignant Potential with
Intraepithelial Carcinoma (MCTLMP-IC).3-3!

Due to the morphological diversity, a wide range of possibil-
ities must be taken into account in the differential diagnosis.
For example, enteric non-cystic urachal adenocarcinoma is
morphologically indistinguishable from colorectal adenocar-
cinoma. The mucinous subtype can be confused with appen-
diceal mucinous adenocarcinoma, pancreatobiliary adeno-
carcinoma, or adenocarcinoma of ovarian origin. Likewise,
the signet ring cell subtype imitates similar tumors of gastric,
colorectal, or ovarian origin.!>! The use of markers such as
CDX2, CK7, CK20, and S-catenin and other such as CEA,
EMA, racemaces, estrogen and progesterone receptors, and
E-cadherin/®! has been recommended to differentiate urachal
adenocarcinomas from those of other origins.[2%-2!!

For all of this, when faced with bladder biopsies or
transurethral resections that display any subtype and are
of uncertain primary origin, it is recommended to use the
term “infiltrating adenocarcinoma of the bladder” and, in a
comment, explain the correlation with the clinical data and
imaging so that clinical specialists can determine the origin
with the greatest possible certainty. With respect to our cases,
both showed very similar immunohistochemical profiles, de-
spite the fact that they come from both the bladder mucosa
and the urachal structure (cystic and non-cystic).

Molecular studies have demonstrated the presence of KRAS
mutations in 39% of adenocarcinomas of the urachus studied.
Of these, 100% were of the mucinous subtype.?*! In another
study, microsatellite inestability (MSI) was observed. In one
case, MSH2-MSHG6 loss was shown and in others, PMS2
loss was shown.>-23! However, wider cohort studies are re-
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quired in order to validate these findings and define more
specific molecular profiles. In our cases, we have not ob-
served molecular abnormalities in KRAS or in other common
targets except for TP53.

In regards to the disease staging, Amin et al.’! suggest
not staging according to the system proposed by Sheldon et
al.'" Amin suggests that the most important thing would
perhaps be to only categorize them in two large groups: dis-
ease restricted to the surgical piece (negative margins) versus
disease that has disseminated intraperitoneally. Surgical treat-
ment is variable, though a partial cystectomy with a complete
urachal resection and umbilectomy is the most common."!
The role of neoadjuvant or adjuvant chemotherapy has not
yet been defined.!

Invasive non-cystic urachal carcinoma has a poor prognosis.
The most important independent predictive factor for sur-
vival is surgical margin status. In comparison with bladder
urothelial carcinomas with similar staging, urachal adenocar-
cinoma has longer mean cancer-specific survival, develops at
younger ages, has low-grade lesions, and has a greater prob-
ability of distant metastases.!”! Despite this, our two cases
had a therapeutic focus that only differed in regards to sur-
gical resection extension, but both have the same favorable
prognosis.

4. CONCLUSIONS

In this article we present two cases of urachal mucinous neo-
plasms that display different histopathological characteristics.
The first case is an example of non-cystic urachal mucinous
adenocarcinoma with signet ring cells.

The second case does not meet the criteria to be considered a
single primary urachal tumor as it had two independent neo-
plasms: a primary mucinous adenocarcinoma in the bladder
and a urachal mucinous cystic neoplasm of low malignant
potential with foci of with intraepithelial carcinoma. Fol-
lowing extensive inclusion, we have confirmed that both are
adjacent but independent neoplasms and they show very dif-
ferent morphology and degrees of atypia. Given the presence
of intestinal metaplasia in both, our impression is that they
come from the same biological origin, have progressed in a
parallel manner, and, in the end, produced similar mucinous
neoplasms. This hypothesis is also supported by the presence
of a similar immunohistochemical expression and molecular
mutation profiles in both components.

It has yet to be clarified if the presence of mutations in dif-
ferent TP53 codons is related to the genesis or progression
of urachal mucinous neoplasms. Likewise, it remains to be
investigated if the presence of intestinal metaplasia as a pre-
cursor lesion could be equally related to the aforementioned
mutational profile. For all of this, extensive, multi-centric
studies are required to attempt to improve the characteriza-
tion of these biological entities and their prognostic implica-
tions prognostic implications.
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