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Abstract
Objective: The aim of this study was to improve understand-
ing the clinical, pathologic, and prognostic features of ura-
chal carcinoma (UrC), a retrospectively descriptive study was 
done in 2 clinical centers. Methods: After excluding the 2 
missed patients, the clinical and pathological data of 59 pa-
tients with UrC, who were diagnosed or treated at 2 clinical 
centers between 1986 and 2019, was retrospectively ana-
lyzed. SPSS 22.0 (IBM) and GraphPad Prism 8.0.1 were used 
for statistics and data visualization. Survival data were ana-
lyzed by the Kaplan-Meier method and Log-rank tests. Cox 
proportional hazards regression were performed for find risk 
factors on predicting the prognosis. Results: Of all 59 pa-
tients, 47 were male and 12 were female. The median age at 
diagnosis was 51.6 years (range: 22–84 years). Gross hema-
turia was the most common symptom (79.66%). The major-
ity of urachal neoplasms were adenocarcinomas (94.92%). 
Forty-two patients (72.41%) underwent extended partial 
cystectomy with en bloc resection of the entire urachus. The 

mean follow-up was 52 months (3–277 months). Median 
overall survival was 52.8 months (4–93 months). The 3-year 
cancer-specific survival (CSS) rate and 5-year CSS rate were 
69.1% and 61.2%. There was no significant difference among 
localized T stage, tumor histologic grade and surgical proce-
dures in determining prognosis by survival analyze. While 
patients with high-risk TNM stage (local abdominal metasta-
sis, lymph node metastasis, or distant metastasis) (p = 0.003) 
and positive surgical margin (p < 0.001) had significantly 
worse prognosis. Conclusions: The results indicate that 
high-risk TNM stage and positive surgical margin are risk pre-
dictors of prognosis. Localized T stage, histologic grade, and 
surgical procedure cause no significant effect on patient 
prognosis. The extended partial cystectomy is the recom-
mended surgical approach for patients with UrC. Active mul-
timodal treatments may improve the survival of patients 
with recurrent and metastatic disease.
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Introduction

The urachus is a thick fibrous cord and is located pre-
peritoneal in a pyramid-shaped space. It is a tubular chan-
nel that connects the fetal bladder to the urinary bladder 
during fetal life and progressively occludes the official 
cavity as it develops, leaving only striated structures con-
necting the anterior dome of the bladder with the umbi-
licus [1]. From outside to inside, it consists of 3 layers of 
the smooth muscle, submucosal connective tissues, and 
urothelial cells tissues. Urachal neoplasms can be found 
in any of these segments [1, 2].

Urachal carcinoma (UrC) is a rare malignancy ac-
counting for only 0.35–0.7% of all bladder cancers [3]. 
Patients with UrC are usually diagnosed with local pro-
gression or extensive metastases at their first visit, which 
means a poor prognosis. However, some studies indicat-
ed a rather higher cancer-specific survival (CSS) rate of 
UrC than nonurachal adenocarcinoma and urothelial 
carcinoma of the bladder [4, 5].

To the best of our knowledge, previous studies about 
UrC are sparse, and the optimal treatment is still a matter 
of debate [6]. In this study, we retrospectively reviewed 
our experiences of treatment with UrC to investigate the 
clinical, pathologic, and prognostic features of this rare 
neoplasm.

Materials and Methods

Patients Selection
This retrospective multicenter study was approved by the insti-

tutional review boards. After excluding 2 missing cases, records of 
59 cases diagnosed and treated as UrC at our institution between 
January 1986 and December 2019 were included. Among these 
patients, except one had developed distant metastasis, all under-
went surgical intervention and pathology diagnosis. Patients’ de-
mographics, clinical features, treatments, pathological and clinical 
outcomes were studied in this analysis. Patients’ treatment infor-
mation was obtained through the clinical His system. Two inves-
tigators (G.J.S. and X.Q.Z.) were responsible for following up with 
patients by phone or mail. The accuracy of the final information 
was checked and confirmed by a third investigator (C.R.X.). All 
enrolled patients completed an informed consent form before re-
ceiving treatment.

Definition of Variables for Analyses
Variables included in this study included patients’ gender, age, 

smoking history, time of diagnosis, Imaging data, TNM stage, 
pathological grade, surgical procedure, type of postoperative pa-
thology, presence of lymph node metastases, abdominal metasta-
ses, distant metastases, and positive cut margins. The overall sur-
vival (OS), recurrence-free survival (RFS), and CSS were the main 
goal outcome in our analysis.

Pathological Diagnostic Criteria
The criteria for the diagnosis of UrC according to the modified 

Sheldon criteria are as follows [2]: (a) tumor was located in the 
dome or anterior wall of the bladder; (b) tumor extended into the 
bladder wall; (c) absence of cystitis cystic or glandular in the dome 
or anterior wall of the bladder; (d) absence of a known primary 
cancer elsewhere. The TNM staging system was universally ap-
plied and used to determine prognosis in the current study [7] (the 
TNM staging system for urachal cancer is shown in Table 1).

Statistical Analyses
Survival data were analyzed by the Kaplan-Meier method. For 

estimation of RFS, CSS, and OS, Kaplan-Meier curves were creat-
ed; the comparison was done with the log-rank test. Univariable 
and multivariable Cox regression analyses were performed to eval-
uate the prognostic effect of UrC on survival. Predictive value on 
definitive pathologic features was measured with univariable and 
multivariable logistic regression analyses. Statistical analyses were 
performed using IBM SPSS 22.0 (IBM, Chicago, IL, USA). All tests 
were 2-sided, and p < 0.05 was considered statistically significant. 
GraphPad 8.0.1 (GraphPad, San Diego, CA, USA) was used for 
data visualization.

Results

Patient Demographics and Clinical Features
Of the 59 patients with UrC, there were 47 males and 

12 females (male to female ratio 3.9:1). The median age at 
diagnosis was 51.6 years (range: 22–84 years). Patients 
with a smoking history were in 19 cases (32.2%).

The most common symptom was gross hematuria 
(79.66%); other symptoms included lower urinary tract 
symptoms (15.25%), abdominal mass (8.47%), mucinuria 
(6.78%), and abdominal pain (11.86%). The urachal tu-
mors were incidentally found on a radiographic checkup 
for other causes in 6 cases (10.17%).

Abdominal ultrasonography, computed tomography 
(CT), and cystoscopy would be the main tests for diag-
nosing urachal tumors. Fifty-one patients underwent ab-
dominal ultrasonography and the most common finding 
was a mass observed at the dome or frontier wall of the 
bladder (98.08%). CT scans were performed in 44 pa-
tients. Of these patients, there were 41 cases (93.18%) 
with a solid mass and 3 cases (6.82%) with a cystic mass. 
Calcification was observed in 10 cases (22.73%) (shown 
in Fig. 1a–c). A total of 46 patients underwent preopera-
tive cystoscopy or biopsy, with the most common intra-
operative description being a predominant manifestation 
visible in the top midline or the anterior wall of the blad-
der. Malignant tumors were found at the dome of the 
bladder by magnetic resonance imaging in 4 cases (shown 
in Table 2).
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Pathologic Outcomes
The average size of urachal tumors was 3.9 cm (range: 

1.3–8.0 cm, the resected specimen shown in Fig. 2). Of 59 
urachal cancers, the tumor was located in the dome of the 
bladder in 47 cases (76.09%) and at the anterior wall of 
the bladder in 10 cases (21.74%) (2 cases were multiple 
tumors). Histologically, 19 cases were adenocarcinoma 
not otherwise specified (NOS), 19 cases were mucinous 
adenocarcinoma, 5 cases were adenocarcinoma with mu-

cinous adenocarcinoma, 5 cases were mucinous adeno-
carcinoma with signet ring cells, and 2 cases showed ad-
enocarcinoma mixed with signet ring cells and mucous 
cells or enteric differentiation. Only 1 case showed pure 
signet ring cell subtype, and 5 cases exhibited enteric ad-
enocarcinoma. Two cases were small-cell carcinoma and 
1 case was transitional-cell carcinoma with adenomatous 
metaplasia (shown in Fig. 3a–c). Lymph node invasion 
was present in 6 patients. The positive surgical margin, 

Table 1. The TNM staging system for urachal cancer

The TNM staging system

TNM Description
Tis A tumor localized to the urachal mucosa and no invasion to the basal membrane (carcinoma in situ)
T1 A tumor with invasion through the basal membrane
T2 Tumor invades into muscle of the bladder

pT2a Tumor invades deep muscle of the bladder (outer half)
pT2b Tumor invades the superficial muscle of the bladder (inner half)

T3 Tumor invades perivesical fat, abdominal wall muscle (in cases of extravesical urachal cancers)
N Followed the traditional TNM staging system
M Peritoneal implants were considered metastasis

a b c

Fig. 1. a–c CT images show a solid mass in the dome of the bladder with calcification. CT, computed tomography.

Fig. 2. The resected specimen of umbilical, 
urachus, and urachal carcinoma.
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defined as tumor cells were seen microscopically at any 
part of the proximal cut edge of umbilical ureteral or re-
section margin of bladder, was seen in 2 cases.

According to the TNM staging system for urachal can-
cer, Tis tumors were not diagnosed in any cases and the 
T1 stage was seen in one case. The tumors were T2 in 17 
cases, T3 in 38 cases (64.41%), and stage IV (TxN1-2/M1 
and local abdominal metastasis) in 13 cases (shown in 
Table 3).

Localized Treatment
Except one had developed distant metastasis, all pa-

tients were treated with surgical interventions. Extended 
partial cystectomy, including resection with or without 
the umbilicus, was the most used surgical procedure in 42 
patients (72.41%). The anatomic boundaries of resection 
included resection of the tumor, with at least 2–3 cm mac-
roscopically normal bladder margins; the entire length of 
the umbilical ureter, the transverse abdominal fascia, and 

part of the peritoneum. The entire top of the bladder was 
removed for tumors located on the dome, and the perito-
neum of the top of the bladder was separated in advance 
then the abdominal cavity was closed. Ten patients un-
derwent partial cystectomy, and 6 patients underwent 
radical cystectomy. Bilateral lymphadenectomy, contain-
ing at least obturator, internal iliac, and external iliac 
lymph node stations as well as visible hyperplasia, was 
performed in 21 of all patients. All specimens were rou-
tinely processed for histologic examination.

Adjuvant Treatment and Treatment for Recurrence/
Metastasis
Adjuvant chemotherapy was performed in 11 patients 

for locally advanced disease or distant metastasis and in 
8 patients for postoperative local recurrence or distant 
metastasis. Several chemotherapy regimens were used in 
the past 30 years. The main aspect of the regimens was 
based on the combination of 5-fluorouracil (5-FU) or 
gemcitabine and/or cisplatin. Radiation therapy was giv-
en as adjuvant treatment in 4 cases for control of meta-
static. In sum, 2 patients were treated with concurrent 
adjuvant chemotherapy and radiotherapy.

Clinical Follow-Up and Predictors of Prognosis
Fifty-nine patients were followed up, with a mean fol-

low-up of 52 months (range: 3–277 months). Twenty-two 
patients died of UrC in a mean of 52.8 months (range: 
4–93 months). The median OS of UrC patients was 52.8 
months and median RFS was 20 months (shown in Fig. 4). 
Cox regression was done to find 2 factors as high-risk 
TNM stage and positive surgical margin affected progno-
sis significantly. Kaplan-Meier survival curve revealed the 
overall 3-year and 5-year CSS rates were 69.1% and 61.2%, 
respectively. A log-rank test revealed that the CSS rate was 
significantly different with a positive surgical margin (p < 
0.001) and with or without local progression (lymph node 
or abdominal metastasis) and distant metastasis (p = 
0.003). While the RFS was only associated with the posi-
tive surgical margin (p = 0.019). It was not significantly 
different in either CSS and RFS of patients with the factors 
like the localized T stage, tumor histologic grade (G), and 
surgical procedure in the Log-rank test (shown in Fig. 5).

Discussion

UrC is an extremely rare urologic tumor, which was 
first described by Begg [8], originated from the remnant 
of the urachus. It is always located in the dome or ante-

Table 2. Patient demographics and clinical features of 59 cases with 
UrC

Cases, N Percent, % p value

Gender
Male 47 79.66 <0.001Female 12 20.34

Smoking history
Yes 19 32.20 <0.001No 40 67.80

Symptom
Gross hematuria 47 79.66
LUTS 9 15.25
Abdominal mass 5 8.47
Mucinuria 4 6.78
Abdominal pain 7 11.86
Other 6 10.17

USA (find mass)
Yes 51 98.08 <0.001No 1 1.92

CT
Solid mass 41 93.18

<0.001Cystic mass 3 6.82
Calcification 10 22.73

MRI
Malignant tumor 4 100.00

Cystoscopy
Mass at dome 35 76.09

<0.001Mass at anterior wall 10 21.74
Multiple 1 2.17

UrC, urachal carcinoma; LUTS, lower urinary tract symptoms; 
CT, computed tomography; MRI, magnetic resonance imaging.
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a b c

Table 3. Pathological features and surgical treatments of UrC

Cases, N Percent, % p value

Histology
Adenocarcinoma NOS 19 32.20
Mucinous adenocarcinoma 19 32.20
Adenocarcinoma + mucinous adenocarcinoma 5 8.47
Mucinous adenocarcinoma + signet ring cell 5 8.47
Mixed adenocarcinoma 2 3.39
Enteric adenocarcinoma 5 8.47
Signet ring-cell carcinoma 1 1.69
Small-cell carcinoma 2 3.39
Transitional-cell carcinoma with adenomatous metaplasia 1 1.69

TNM stage
Tis 0 0

<0.001
T1 1 1.69
T2 17 28.81
T3 38 64.41
Ⅳ 13 22.03

Grade
Well differentiated 7 12.07

<0.001Moderately differentiated 31 53.45
Poorly differentiated 20 34.48

Surgical approach
Extended partial cystectomy 42 72.41

<0.001Partial cystectomy 10 17.24
Radical cystectomy 6 10.34

Lymph node dissection 21
Positive 6 28.57
Positive surgical margin 2 3.39
Local abdominal metastasis 11 18.64
Adjuvant chemotherapy 18 30.51
Adjuvant radiotherapy 4 6.78

UrC, urachal carcinoma; NOS, not otherwise specified.

Fig. 3. a Urachal adenocarcinoma, mucinous type. b Urachal adenocarcinoma, signet ring cell type. c Urachal 
small cell carcinoma (HE.; original magnification ×200).
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rior wall of the bladder. The majority of histological types 
are adenocarcinomas, included mucinous, enteric, mixed, 
and signet ring cell types [2, 3, 9]. Urachal adenocarci-
noma accounts for approximately only 10% of primary 
bladder adenocarcinoma [4]. Other rarer urachal neo-
plasms include urothelial carcinoma, squamous cell car-
cinoma, small cell carcinoma, and sarcomas [7, 10]. Al-
though there is still controversy over the origin of UrC, 
the glandular metaplasia basis and the origin of glandular 
intestinal epithelial cells are the most commonly accepted 
theories to explain the predominance of adenocarcinoma 
of the UrC [5].

UrC usually occurs in the 50 s and 60 s and is more 
common in men according to previous reports [3, 5]. This 
is consistent with our observations (the median age of 
patients was 51.6 years, and the male to female ratio was 
3.9:1). In the current retrospective study, the most com-
mon presenting symptom was gross hematuria, which 
was in agreement with the previous reports [11].

Until now, the standard diagnostic criteria of UrC was 
still in debate. Several staging systems had been proposed 
for UrCs, such as the Sheldon et al. [12], the Mayo [11], 
and the Ontario [13] staging systems. Most scientists and 
clinicians agreed with the criteria proposed by Sheldon 

and revised by Gopalan et al. [2]. Ultrasonography most 
frequently shows a supra-vesical, inhomogeneous, and ir-
regular mass in the midline [14]. CT findings were also 
very useful in TNM staging and diagnosing urachal tu-
mors especially midline masses with calcification. How-
ever, only half of the bladder wall invasions can be de-
tected by CT, showing its limited value in estimating tu-
mor invasion [15]. Since the UrC and urothelial 
carcinoma were often difficult to differentiate by imaging 
alone, cystoscopy and pathological biopsy were extreme-
ly important to confirm the diagnosis [11].

Surgical approaches still played a role as the primary 
treatment for patients diagnosed with UrC without dis-
tant metastasis [16]. Furthermore, extended partial cys-
tectomy with en bloc resection of the urachal tumor, the 
entire urachus, and umbilicus, and pelvic lymph node 
dissection was the recommended surgery approach ap-
plied by most urologists [13, 17, 18]. There is still contro-
versy as to which is better between partial cystectomy and 
expanded partial bladder resection. And the existing data 
demonstrated that radical cystectomy was not superior to 
extended partial cystectomy, and radical cystectomy did 
not improve survival compared to partial cystectomy [13, 
18]. Laparoscopic extended partial cystectomy had been 
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Fig. 4. Overall survival (a) and recurrence-free survival (b) of patients with urachal carcinoma.

Fig. 5. Kaplan-Meier survival curve of different risk factors of CSS 
and RFS: a1, a2 by localized T stage (CSS p = 0.588 RFS p = 0.748); 
b1, b2 by histologic grade (CSS p = 0.12; RFS p = 0.19); c1, c2 by 
surgical procedure (CSS p = 0.738; RFS p = 0.677); d1, d2 by local 
progression and distant metastasis (CSS p = 0.003; RFS p = 0.11); 

e1, e2 by positive surgical margin (CSS p < 0.001; RFS p < 0.001). 
AUS, abdominal ultrasonography; CSS, cancer-specific survival; 
LN, lymph node; NOS, adenocarcinoma not otherwise specified; 
OS, overall survival; RFS, recurrence-free survival.

(For figure see next page.)
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reported as a safe, feasible, minimally invasive approach 
for UrCs [19]. Bilateral lymphadenectomy made sense in 
helping guide the evaluation of staging and prognosis, 
and it may be therapeutic for at least some patients [18, 
20]. In the current series, 74.21% of UrC patients under-
went extended partial cystectomy, 36.21% of these cases 
were performed bilateral pelvic lymph nodes dissection, 
and 36.36% were positive lymph node. A striking finding 
in our study was the local progression (local abdominal 
metastasis or lymph node metastasis) or existence of or-
gan metastasis at diagnosis significantly determined 
shorter CSS compared with the patients of nonprogres-
sion (T1-3N0M0). Therefore, early diagnosis and surgical 
intervention are essential to prolonging survival.

Previously, UrC was usually recognized as a malignant 
tumor with a high degree of malignancy accompanied by 
a poor prognosis. According to the records of SEER and 
RKI databases, the relative 5-year CSS rate was 54.8% in 
Germany and 64.4% in the USA [21]. Our results showed 
that the 3-year CSS rate was 69.1% and the 5-year CSS rate 
was 61.2%, which was approximately similar to Western 
populations. Although early interventions for patients 
with UrC are necessary, the risk factors affecting the 
prognosis were still unclear. Several parameters had been 
discussed such as age, sex, Sheldon stage, Mayo stage, tu-
mor grade, LN status, presence of distant metastasis, pos-
itive surgical margin, tumor size, pathologic type, and 
surgical intervention. Szarvas et al. [14] meta-analysis re-
vealed Sheldon stage 4IIIB, Mayo stage 4II, presence of 
LN or distant metastases, positive surgical margin, and 
ECOG performance status were independent risk predic-
tors after multivariable analyses. Other previous evidence 
showed that the histologic tumor stage and negative sur-
gical margins were the most significant predictors of sur-
vival for UrC [5, 11, 18]. In our study, LN or abdominal 
local progression or distant metastases were validated to 
have a significant correlation with OS and CSS. While the 
OS and CSS of these patients with urachal cancer were not 
associated with the pathological tumor stage, tumor 
grade, and surgical procedure, additionally, a positive 
surgical margin affected much lower CSS rate and RFS 
rate significantly. Therefore, more prospective, con-
trolled studies on the surgical approach and extent of re-
section are to be expected and conducted.

Since UrC has a high risk of recurrence and distant 
metastases and it is extremely poor for the prognosis of 
patients with recurrent and/or metastatic UrC. The point 
that treatment is different for localized or metastatic dis-
ease has been agreed with by many researchers [6]. How-
ever, there is still no standard chemotherapy regimen or 

radiation strategy for advanced or metastatic UrC. Due to 
the histological similarity to colorectal adenocarcinoma 
and urothelial carcinomas, cisplatin and 5-FU are the 
most common chemotherapeutic agents used for UrC 
[14, 17, 22]. Yanagihara et al. [23] shared with us 2 cases 
of successful treatment of UrC with FOLFOX6 regimen. 
Kawakami et al. [24] reported 2 patients with recurrent 
and metastatic UrC had survived with a RFS period of 
more than 10 years after treated by combinations of sur-
gery, radiation, and chemotherapy. Recently, a meta-
analysis indicated that 5-FU-based chemotherapy was 
more effective than cisplatin-based regimens in the treat-
ment of UrC, and the combinations of 5-FU with cispla-
tin could provide the strongest antitumor effect [14]. In 
our series, one case, performed extended partial cystec-
tomy followed by adjuvant chemotherapy-5-FU-based 
regimen, had survived for more than 15 years without 
recurrence or metastasis. These experiences suggested 
that multimodality therapy may be beneficial for some 
patients with UrC.

The molecular characterization of UrC remained one 
of the topics of current research. Notably, the spectrum 
of molecular alterations in urachal tumors was more sim-
ilar to primary urinary bladder adenocarcinoma and 
colorectal adenocarcinoma compared with conventional 
urothelial carcinoma [25]. Recurrent KRAS, NRAS, 
BRAF, APC, TP53, NF1, PTEN, and/or SMAD4 muta-
tions were usually detected, meanwhile, TERT promoter 
and PIK3CA mutations, which were common in conven-
tional urothelial carcinoma, were proved rare in UrC [22, 
26–29]. This also explained the prognostic difference be-
tween the UrC and BC. A recent study showed detectable 
genetic alterations in PD-L1 status, intracellular signal-
transduction pathways (RAS/RAF/PI3K), ERBB2 
(HER2), MET, FGFR1, and PDGFRA [30]. These find-
ings might provide new evidence and ideas for future im-
munotherapy and targeted therapeutic strategies for UrC.

Conclusions

In conclusion, our study showed that UrC was a rare, 
high-risk neoplasm. The majority of UrC were adenocar-
cinomas. The results indicated that high-risk TNM stage 
(with LN or abdominal local progression or distant metas-
tases) and positive surgical margin were the most impor-
tant predictor of prognosis. Localized T stage, histologic 
grade, and surgical procedure cause no significant effect 
on patient prognosis. Extended partial cystectomy with en 
bloc resection of the entire urachus was the recommended 
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surgical approach of patients with UrC. Active multimod-
al treatments combined with surgery may improve the 
survival of patients with recurrent and metastatic disease.
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