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Abstract

Urachal carcinoma (UrC) is an exceedingly rare neoplasm that develops from the urachus, an embryologic remnant of the
urogenital sinus and allantois. The most commonly encountered histologic subtype is adenocarcinoma. The aim of this study
is to characterize a series of UrC by morphology, immunohistochemistry, and molecular analysis. We retrospectively investigated
seven cases of UrCs and assessed patient symptoms, imaging, histologic features, immunohistochemical profile, molecular
characteristics, pathologic stages, and type of treatment. Immunostaining for CK7, CK20, Muc-2, CDX2, GATA3, [3-catenin,
and CK343E12 was carried out on each neoplasm and on seven non-neoplastic urachal remnants as the control group.
Additionally, a mutational analysis was performed using the QIAact Actionable Insights Tumor Panel Kit, which analyzes
KRAS, NRAS, KIT, BRAF, PDGFRA, ALK, EGFR, ERBB2, PIK3CA, ERBB3, ESRI, and RAFI. Our cohort comprised five
females and two males with a mean age of 64 years. UrCs consisted of two mucinous cystadenocarcinomas and five invasive,
non-cystic adenocarcinomas. Carcinoma antigen expression profile was positive for CK20 and negative for CK343E12 and
GATA3 in all cases. Five of seven cases stained positively for Muc-2 and CDX2. On the contrary, non-neoplastic urachal
remnants were immunoreactive for CK343E12, CK7, and GATA3. Mutational analysis gave a positive result in four out of
seven (57.1%) cases. All four positive tumors showed RAS mutation and one an additional mutation in PIK3CA. Urachal tumors
exhibit peculiar morphologic, immunohistochemical, and molecular features. Due to the advanced stage at presentation, indi-
vidualized treatment should be undertaken.
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Introduction remnant of the urogenital sinus and allantois [1]. The annual

incidence of UrC accounts for 0.01% of all cancers in adults
Urachal carcinoma (UrC) is an uncommon neoplasm with  and has been estimated to comprise 0.17—0.34% of all bladder
poor prognosis which develops in the urachus, an embryologic ~ cancers [2]. Histologically, UrC results from malignant

4 Giulio Riva 5> FEBU, Department of Urology, Central Hospital Bolzano,
riva23 @hotmail.it Bolzano, Italy
¢ Medical School, Sigmund Freud Private University, Vienna, Austria
' Pathology Unit, Department of Pathology and Diagnostics, 7 Department of Pathology, Pederzoli Hospital, Peschiera del
University and Hospital Trust of Verona, P.le L.A. Scuro n. 10, Garda, Italy
37134 Verona, Italy 8 s . . . .
SikI’s Institute of Pathological Anatomy, University Hospital Plzen,
2 Department of Pathology, Central Hospital of Bolzano, Plzen, Czech Republic
Bolzano, Italy 9 .
Department of Pathology, Faculty of Medicine Plzen, Charles
3 Careggi Hospital, Institute of Histopathology and Molecular University, Plzen, Czech Republic
Diagnosis, Florence, Italy 10

Department of Experimental and Clinical Medicine, University of
Faculty of Medicine, Riga Stradins University, Riga, Latvia Florence, Florence, Italy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-018-2467-1&domain=pdf
mailto:riva23@hotmail.it

14

Virchows Arch (2019) 474:13-20

transformation of the columnar metaplasia of the transitional
cell lining of the urachus [3-5]. Ultrasonography (US) is the
gold standard for diagnosing urachal malignancy [6]. Despite
the availability of other imaging techniques, such as comput-
erized tomography (CT) or magnetic resonance imaging
(MRI), accuracy of preoperative diagnosis remains poor [7].
Histologically, UrC may present mucinous, enteric, signet ring
cell, and not otherwise specified features, although admixture
of these morphologies can occur [8]. The biologic and clinical
significance of these histologic subtypes, however, remains
uncertain [9]. Given the rarity of UrC, several differential di-
agnoses should be considered [10]. Somatic mutations in the
KRAS oncogene are described in many solid cancers, the de-
tection of which is essential for better molecular characteriza-
tion of primary tumors and targeting therapy [11]. Accurate
staging of UrC is critical because of its propensity to become
rapidly invasive [5]. Several types of stage classifications have
been suggested, but those most often employed are the
Sheldon and Mayo Staging Systems [9]. Management strate-
gies rely on partial or radical cystectomy with complete re-
moval of the urachal remnant and umbilicus. Lymph node
dissection is not required unless lymph node involvement is
confirmed by preoperative examination [12, 13]. Robotic sur-
gery adds benefits to the conventional laparoscopic approach
and is therefore a valid method for removal of abdominal wall
masses [14]. There is currently no data to support the role of
neoadjuvant or adjuvant chemotherapy for urachal carcinoma,
although it is recommended for unresectable and/or metastatic
disease. Individualized treatment is encouraged and a combi-
nation of radiotherapy and/or chemotherapy regimens can be
adopted [15]. The aim of the study is to present a series of
UrCs, detailing their prominent morphologic, immunohisto-
chemical, and molecular features.

Material and methods

We retrospectively studied seven cases of UrC treated at
Central Hospital of Bolzano between 2007 and 2017. For each
case, we analyzed patient data, presenting symptoms, imaging
methods, gross appearance, histology, pathologic staging, im-
munohistochemical and molecular profile, and type of treat-
ment. All patients had undergone ultrasound evaluation (US),
axial CT scan, and MRI. Surgery consisted of en bloc exci-
sions of the urachal lesion, urachal ligament, and bladder
dome in three cases, while cystectomy was carried out in four
cases, three of which involved associated multi-organ resec-
tion. All cases were histologically evaluated on hematoxylin
and eosin (H&E)-stained slides and reviewed by an experi-
enced uropathologist to confirm diagnosis. The immunohisto-
chemical panel included CK7, CK20, Muc-2, CDX2, GATA3,
[3-catenin, and CK343E12 and was applied both to neoplasm
and urachal remnants. A complete list of antibodies performed
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is given in Table 1. Immunostaining was performed using the
Leica Bond III System (Leica, Newcastle, UK). According to
Gopalan et al., inclusion criteria were: location of the tumor in
the dome/anterior bladder wall, epicenter of carcinoma in the
bladder wall, absence of widespread cystitis cystica/
glandularis beyond the dome/anterior bladder wall, absence
of a known primary elsewhere [10]. All cases were staged
according to the Sheldon staging system for UrC reported in
the WHO 2016 classification.

Molecular characterization
Sample and DNA isolation

Molecular analysis of the tumors was performed following the
manufacturer’s instructions (Qiagen, Hilden, Germany).
Formalin-fixed paraffin embedded (FFPE) material was used
to prepare DNA samples. Tissue sections 5-um thick were
employed for DNA extraction using the GeneRead FFPE
DNA Kit (Qiagen, Hilden, Germany) and DNA concentration
was measured using the Nanodrop System (Thermo Fisher
Scientific, MA, USA) and the QIAexpert (Qiagen, Hilden,
Germany).

GeneReader sample preparation and sequencing

Overall, 116 ng of DNA was used as a template to generate
libraries for sequencing. Libraries were prepared using the
QIAGEN Library Kit v2.0 and the QIAact Actionable Insights
Tumor Panel Kit (Qiagen, Hilden, Germany), which amplified
330 amplicons, covering 16.7 kb, containing 773 unique variant
positions in 12 genes (KRAS, NRAS, KIT, BRAF, PDGFRA,
ALK, EGFR, ERBB2, PIK3CA, ERBB3, ESRI, and RAFI).
The libraries were then quantified by QIAexel (Qiagen,
Hilden, Germany). Individual libraries were pooled prior to
emulsion PCR and bead enrichment steps that were carried
out by applying an automated protocol with the GeneRead
Clonal Amp Q Kit (Qiagen, Hilden, Germany). Following bead
enrichment, the pooled libraries were sequenced on the
GeneReader platform (Qiagen, Hilden, Germany).

Table 1  List of antibodies used in the study

Antibody Clone Provider Dilution
CK7 RN7 Novocastra 1:100
CK20 PW31 Novocastra 1:100
Muc-2 Ccp58 Novocastra 1:200
CDX2 EPR2764Y Cell Marque Menarini 1:100
GATA3 L50-823 BDPharmingen 1:150
[3-catenin 15B8 Sigma 1:400
CK34pEI12 34BE12 DAKO 1:40
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GeneReader data processing

QIAGEN Clinical Insights (QCI™) Analyze Software (Qiagen,
Hilden, Germany) was employed to read data to the hgl9 ref-
erence genome sequence, call sequence variants, and generate
an interactive report for visualization of the sequencing results
with a summary of the data. QCI Analyze software reports a set
of high and low confidence variants based on the coverage of
variant positions. Having analytically confirmed whether or not
the variants listed are valid, data is uploaded to QCI Interpret
software for clinical interpretation. A report for each sample is
then created, based on detected variants and content, with a
summary of findings and direct links to indicate the source.

Results

Our series consisted of five females and two males, ranging in
age from 56 to 74 years (mean age 64 years). Symptoms and
signs at diagnosis were hematuria and dysuria in five out of
seven patients; a palpable mass right above the hypogastrium
was detected in three patients. On ultrasound examination, a
heterogeneous mass, mixed hypo- and hyperechoic in appear-
ance, was seen in four cases. In the remaining three cases, a
small hyperechoic cyst 1-2 cm in greatest diameter was found
within the urachal ligament, close to or in contact with the
bladder dome. CT and MRI were performed on all patients,
revealing neoplastic involvement of adjacent organs, such as
the colon and abdominal wall, in three cases.

Histologic analysis showed two mucinous
cystadenocarcinomas and five invasive, non-cystic adenocar-
cinomas (Fig. 1). Sheldon stages at presentation were II (one
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Fig. 1 Cystectomy specimen and gross appearance of UrC. The
neoplasm is located in the bladder dome and exhibits an intramural
growth (a). Histological features consist of papillary fronds lined by

patient), III (three patients), and IV (three patients).
Immunostaining was positive for CK20 and negative for
CK343E12 and GATA3 in all cases, while Muc-2 and CDX2
were positive in five out of seven tumors. Non-neoplastic
urachal remnants were reactive for CK7, GATA3, and
CK343E12. In our series, immunohistochemical nuclear stain-
ing of [3-catenin was not detected, as we found only strong
cytoplasmic and membranous positivity. Immunohistochemical
findings are summarized in Tables 2 and 3.

Four out of the seven (57%) patients demonstrated RAS
mutation (one patient NRAS p.Q61R (c.182A > G), one pa-
tient KRAS p.Q61L (c.182 183delAAinsTC), and two pa-
tients KRAS p.G12D (¢.35G > A)). One patient showed an
additional mutation in PIK3CA p.Q546K (c.1636C > A).

Discussion

UrC is an extremely rare neoplasm with poor prognosis which
develops in the urachus, an embryologic remnant of the uro-
genital sinus and allantois. Involution usually occurs before
birth and the urachus appears as a median umbilical ligament
[1]. If regression is incomplete, the urachus may persist and
give rise to various abnormalities, including malignances [16].
Urachal remnants can be seen in infants and during childhood,
as thin-walled, internally homogenous cysts, containing
straw-yellow umbilical fluid [17].

In approximately 30% of the general population, the
urachal remnant may show tubular or cystic structures
consisting of mucosa, connective tissue, and smooth muscle
[18]. Histologically, UrC is known to arise following malig-
nant transformation of the columnar metaplasia of urachal

atypical columnar cells, and mucin is visible at low magnification
(100x%). There is no evidence of glandular cystitis in the adjacent
bladder dome urothelium (b)
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Table 2

Immunohistochemical staining profile of urachal carcinoma series

Case CK34BE12 B-catenin* CK7 CK20 Muc-2 CDX2 GATA3 Diagnosis
1 Muc-C-Adenoca.
2 N-C Adenoca.
3 N-C Adenoca.
4 N-C Adenoca.
S N-C Adenoca.
6 N-C Adenoca.
7 Muc-C-Adenoca.

RED negative staining, GREEN positive staining, *cytoplasmic and membranous, Muc-C-Adenoca. mucinous cystadenocarcinoma, N-C Adenoca. non

cystic adenocarcinoma

transitional epithelium. Cancer may also originate from enter-
ic rests during embryologic development [3]. The urachus
comprises intramucosal, intramuscular, and supravesical seg-
ments. It contains three distinct tissue layers: an epithelial
canal lined with urothelium, submucosal connective tissue
and an outer layer of smooth muscle. Urachal neoplasms can
occur in any of these layers, along the urachal remnant from
the umbilicus to the bladder dome and can be epithelial or
mesenchymal [19, 20]. Begg et al. focused on the clinical
importance of the urachus, stating that all apical tumors of
the bladder should be considered urachal until proven other-
wise. Since the urachus may extend as far as the anterior
bladder wall, tumors located in the anterior wall may also be
ofurachal origin [19]. Several aspects of UrC pathogenesis are
not fully understood [1].

Current knowledge of this disease mainly derives from
case reports or small series [5, 21]. US is the first choice
imaging modality for diagnosis of urachal malignancies.

Table 3

Nevertheless, the accuracy of preoperative diagnosis is poor
[7], and differentiation between organized urachal abscess and
carcinoma remains challenging [22]. CT and MRI are helpful
in defining tumor staging, as well as in preoperative surgical
planning. However, in cases of complicated cystic or contrast-
enhancing lesions, it can be difficult to distinguish infected
urachal remnants from urachal neoplasms [23]. In our series,
a palpable mass was the presenting symptom in three patients
with high-stage disease.

Since treatment options for advanced and metastatic UrC are
limited, data suggests that early excision remains the recom-
mended treatment for a suspicious urachal mass [20]. The
urachus shares the same embryologic origin as the colon, con-
sequently the large majority of urachal neoplasms are adenocar-
cinomas. They express tumor markers associated with gastro-
intestinal malignancies, including the carcinoembryonic anti-
gens (CEA), CA 125 and CA 19.9 [24, 25]. UrC has a tendency
for early peritoneal spread and may metastasize to the bones,

Immunohistochemical staining profile of non-neoplastic urachal remnants

Control case CK34BE12 p-catenin* CK7

QA Ui A W N

7

RED negative staining, GREEN positive staining, *cytoplasmic and membranous
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lung, and liver. This may be due to delayed diagnosis, as urachal
neoplasms are often asymptomatic [26, 27]. Pseudomyxoma
peritonei arising from UrC has also been reported [27].

Glandular tumors are the most common neoplasms of the
urachus and may exhibit mucinous, enteric, or signet ring cell
features. Mixtures of these morphologies can occur, and his-
tologic classification follows percentage cut-offs [28]. Non-
cystic invasive adenocarcinoma accounts for 50% of tumors
classified as mucinous. Although this subtyping is helpful in
differential diagnosis, the clinical significance is still uncer-
tain. All seven cases in our series were adenocarcinomas, two
mucinous invasive cystadenocarcinomas and five non-cystic
invasive adenocarcinomas not otherwise specified (NOS), of
which four displayed enteric morphology, and one signet ring
features.

Literature data on the immunohistochemical profile of UrC
is limited. In urachal adenocarcinoma subtypes, expression
levels of CDX2, nuclear (3-catenin, claudin-18, and Reg IV
may be useful in distinguishing between mucinous, enteric,
signet ring cell or not otherwise specified histotypes. CDX2 is
frequently expressed in urachal adenocarcinomas, and stain-
ing can be diffused even in non-enteric subtypes. All urachal
adenocarcinomas show membrane-cytoplasmic (3-catenin
staining [9]. Although nuclear localization of (3-catenin may
occur in urachal adenocarcinoma, diffuse nuclear positivity
contradicts this diagnosis. The novel gastrointestinal tract
markers claudin-18 and Reg IV are both expressed in urachal
adenocarcinomas. An immunohistochemical panel including
{3-catenin and CK7 is valuable in differentiating urachal ade-
nocarcinoma of enteric morphology from colonic adenocarci-
noma. The various morphologic presentations of urachal ade-
nocarcinomas have relatively similar or overlapping
immunophenotypes [29]. In our series, the carcinoma antigen
expression profile was invariably positive for CK20 and neg-
ative for CK343E12 and GATA3. Nuclear staining for f3-
catenin was not detected in any of the cases, as all cases
showed only strong cytoplasmic and membranous positivity.
In five of the seven cases, Muc-2 and CDX2 were positive
(Table 2, Fig. 2). Non-neoplastic urachal remnants were
strongly and diffusely positive for CK343E12, CK7, and
GATA3, which indicate urothelial features (Table 3).

Due to the rarity of UrC, differential diagnosis must be
considered, and it is worth noting that immunostains do not
unequivocally discriminate urachal from colorectal carcinoma.
However, diffuse positivity for CK343E12 would support a
diagnosis of urachal carcinoma, while diffuse nuclear immu-
noreactivity for -catenin would argue against it [10]. The
most challenging differential diagnosis is bladder adenocarci-
noma, which accounts for 0.5-2% of all malignant bladder
tumors [30]. For the diagnosis of UrC, we considered the
following criteria: tumor in the dome/anterior bladder wall,
epicenter of carcinoma in the bladder wall, absence of wide-
spread cystitis cystica/glandularis beyond the dome/anterior

bladder wall, no evidence of a primary neoplasm elsewhere
[10]. In accordance with Mostofi et al. [31], if the mucosa
adjacent to the tumor shows polypoid formation, von
Brunn’s nests, and glandular or mucinous metaplasia, the tu-
mor is probably a primary vesical adenocarcinoma. Additional
evidence favoring this diagnosis is the presence of areas of
transitional and squamous cell carcinoma alongside the ade-
nocarcinoma. If the adenocarcinoma is intramural, the tissue is
from an area of the bladder other than the dome or the anterior
wall and the mucosa is ulcerated; then, the tumor is probably
of urachal origin [31]. Since the urachus can be the site of
numerous inflammatory and reactive processes and conse-
quently undergo frequent cystic changes, an antibody panel
capable of clearly differentiating an epithelium with reactive
atypical changes from neoplastic cells would be extremely
useful. The immunophenotype we detected was noticeably
different in the control and neoplastic cases. These features
can be exploited, particularly when only scarce or fragmented
material is available and morphology alone is inconclusive.
Literature provides mutational hot-spots of selected genes.
By means of pyrosequencing in a multicenter study, Modos
et al. found 10 out of 22 patients with KRAS mutations (27%)
followed by BRAF (18%) and NRAS (5%) [16]. Using next
generation sequencing (NGS; Generead System, Qiagen), we
were able to confirm these findings and frequency of muta-
tional events, as a result of which, our series can be considered
an external validation cohort. We also found an additional, so
far unreported mutation in the oncogene PIK3CA p.Q546K
occurring in association with the well-documented and more
frequent RAS p.G12D mutation. Activation of the PISK/AMT/
MTOR pathway, although not so widespread, may provide
new insight into the molecular landscape of UrC and add to
the understanding of UrC carcinogenesis which remains wide-
ly unknown [16]. The molecular mutations of UrC, however,
seem to be unique, implying that clinical decision-making for
UrC cannot be simply adopted from urothelial or colorectal
practice [16]. In our study, four of the seven cases were RAS
mutated (57%) and one (14%) case, as previously mentioned,
showed an additional mutation for PIK3CA. This suggests that
RAS mutation analysis may be helpful in diagnosing UrC.
Having recorded the gross, histologic, immunohistochemi-
cal, and molecular characteristics of our cases, we focused on
defining disease stage, for which we applied the Sheldon stag-
ing system following the WHO 2016 recommendations [2].
The Sheldon staging system does not account for the fact that
urachal tumors can occur along the urachus, from the umbili-
cus to the bladder, or that these tumors are actually extra-
vesical with a tendency to invade the bladder. When the tumor
is located close to the umbilicus, the abdominal wall is usually
involved, whereas if it is close to the bladder, invasion of the
bladder is common [32]. According to the Sheldon staging
system, our patients were classified as stages II (one patient),
III (three patients), and IV (three patients). Several alternative
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Fig. 2 Immunohistochemical profile of a UrC case in our series showing strong positivity for CDX2 (b) and for CK20 (c¢) but only scattered Muc-2

positive cells (d). Original magnification, 100x (a—d)

staging approaches to the traditional Sheldon system have been
proposed to provide better tumor distribution across stages.
However, the prognostic utility of stage substratification is
yet to be validated [9].

Survival data on UrC is sparse due to its low prevalence.
This entity remains a diagnostic challenge because of its rarity
and lack of specific symptoms [5]. The most common symp-
toms are mucinuria, hematuria, abdominal pain, urinary fre-
quency, and urinary tract infections [14, 33—35]. Most patients
present with advanced disease and one third are unresectable
at diagnosis [36].

Prognosis of UrC depends on tumor stage. Prognostic factors
for impaired survival are lymph node metastasis, tumor growth
in the abdominal wall, peritoneum and/or adjacent organs, dis-
tant metastasis, and macroscopic residual tumor [5]. The most
common sites of metastasis are lung, liver, and bone [37]. All
urachal mucinous neoplasms, regardless of tumor type, tend to
behave in an aggressive manner that includes the development
of pseudomyxoma peritonei [38]. Pseudomyxoma peritonei
should be considered in the differential diagnosis of abdominal
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and retroperitoneal tumors, especially in the case of abdominal
cystic-solid masses [39].

The cases analyzed in the present study are all from the
same study center, the Central Hospital of Bolzano, South
Tyrol, Italy. The incidence of urachal carcinoma is 1 per 1
million per year, depending on the geographical region [40].
Over 10 years, our region, with 560,000 inhabitants, has ex-
perienced exactly the above-mentioned incidence. Analysis of
additional cases would be of great interest. Unfortunately, our
histopathologic casistic limited our access to further cases,
also on account of the strict selection criteria used according
to Gopalan et al. [10]. Our intent was to provide a comprehen-
sive picture of this pathology in our region in order to better
frame and contextualize the disease in our geographical area.
To achieve our goal, we scrutinized this rare disease by means
of a meticulous approach comprising imaging methods, sur-
gical resection strategies, and characterization of the gross,
morphologic, immunohistochemical, and molecular profile.

Due to its infrequency, there are no guidelines for the man-
agement of this tumor [18]. Surgery is the mainstay of
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treatment, and long-term survival following surgical interven-
tion is seen in a significant number of patients [41, 42]. Lymph
node dissection is not required unless nodal involvement is
confirmed by preoperative examination [12, 13]. Robotic sur-
gery can add to the benefits of the conventional laparoscopic
approach and can therefore be used in the treatment of abdom-
inal wall masses [14]. Postoperatively, there is no data to sup-
port chemotherapy in the adjuvant setting, leaving the option
for unresectable and/or metastatic disease. Individualized ther-
apies are encouraged with radiotherapy and/or chemotherapy
regimens [15]. A modified combination of 5-fluorouracil,
leucovorin, and oxaliplatin (mMFOLFOXG6) appears efficacious
for metastatic UrC [42]. Treatment with sunitinib may cause
partial necrosis of the tumor paralleled by symptom improve-
ment [18]. Anecdotal response to systemic therapies utilized
in colorectal cancer and to drugs targeting the epidermal
growth factor receptor has been reported [43]. Adjuvant reg-
imens including a combination of cisplatin and 5-fluorouracil
have shown partial tumor regression in small cohorts with late
metastatic or recurrent disease [21]. Alternatively, patients
with peritoneal spread might benefit from HIPEC (hyperther-
mic intraperitoneal chemotherapy) [44].

Conclusions

UrC is a rare neoplasm with poor prognosis, often presenting
at an advanced stage. An early diagnosis is often difficult due
to the lack of specific signs and symptoms. US is the first
choice for diagnosis of urachal malignancies; nevertheless,
the accuracy of preoperative diagnosis remains poor.
Although morphology may not be relevant, UrC shows ana-
tomic, immunohistochemical, and molecular features that can
lead to the final diagnosis. Besides management strategies that
rely on surgical resection with recommendations encouraging
en bloc excision including the umbilicus, individualized ther-
apy could be taken into consideration on a case-by-case basis.
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