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Abstract

modality for tumor detection and diagnosis.

Background: Large cell neuroendocrine carcinoma (LCNEC) of the urinary bladder is an uncommon malignant
bladder tumor, and the overall prognosis is poor. Contrast-enhanced ultrasound (CEUS) provides a new effective

Case presentation: A 30-year-old man complained of repeated painless gross haematuria for half a month.
Conventional ultrasound demonstrated a hypoechoic solitary lesion with hyperechoic margins measuring 3.4 x 3.1
cm in the anterior wall of the bladder. Superb microvascular imaging (SMI) showed a strong flow signal in the
mass. CEUS revealed that the lesion was characterized by hyper-enhancement in the early phase and hypo-
enhancement in the late phase. The entire bladder wall was disrupted by homogeneous hyper-enhanced tumor
tissue on CEUS. Time-intensity curves (TICs) showed a rapid wash-in with a high maximum signal intensity (SI) and
quick wash-out. Finally, partial cystectomy was performed and the pathological examination confirmed the
diagnosis of LCNEC with invasion into the whole layer of the bladder wall.

Conclusion: This case suggested that CEUS was a valuable imaging method to detect and diagnose LCNEC in the
bladder, and that CEUS can provide information related to the depth of wall invasion and the microvasculature.
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Background

Neuroendocrine tumors are most common in the re-
spiratory and gastrointestinal tracts but constitute only
approximately 1% of bladder tumors [1, 2]. Most of neu-
roendocrine carcinomas in the urinary bladder is repre-
sented by small cell neuroendocrine carcinoma while
large cell neuroendocrine carcinomas (LCNECs) are
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extremely rare [2]. LCNEC of the urinary bladder was
first reported in 1986 [3], and since then, fewer than 30
cases have been reported in the literature. LCNEC of the
urinary bladder is characterized by poor differentiation
and strong invasiveness and is frequently detected at an
advanced stage when initially diagnosed, leading to high
metastatic potential and poor prognosis [4]. The absence
of specific clinical symptoms and laboratory findings
combined with high mortality make detection and diag-
nosis through imaging studies extremely crucial. The
various appearances of LCNCB on computed tomog-
raphy (CT) images have been depicted in case reports
and in a few small series [5, 6]. However, the ultrasound
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(US) appearances of this tumor, particularly on contrast-
enhanced ultrasound (CEUS), has not been clearly de-
scribed. CEUS can provide real-time visualization of
contrast-enhanced patterns, which is useful for the dif-
ferential diagnosis of urinary bladder lesions [7-9]. In
addition, using the pattern of time-intensity curves
(TIC) can reflect the tumor microvessel density, which
may be helpful in evaluating tumoral neovascularisation
in bladder tumors [8, 10].

In this manuscript, we report a case of LCNEC in the
urinary bladder imaged by conventional US and CEUS.
To the best of our knowledge, this is the first report on
CEUS manifestations of LCNEC.

Case presentation

A 30-year-old man presented with recurring painless
gross haematuria for half a month but without urinary
tract infections or lower back pain. He had an unre-
markable history of cigarette smoking, clinical history,
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and physical examination. On admission, his laboratory
results showed routine urinalysis with elevated numbers
of red blood cell count and leucocytes. Furthermore,
tumor marker levels were within their normal ranges.
Ultrasonography was performed with an Aplio500 de-
vice (Toshiba Medical Systems, Tokyo, Japan) equipped
with a 375BT convex transducer (frequency range 3.0-6.0
MHz). Conventional US revealed the presence of a large
cauliflower shaped mass (3.4 x 3.1 cm), located at the an-
terior wall of the bladder, and the mass did not move with
changes in body position. The mass exhibited uniform
echogenicity, protruded into the lumen with hyperechoic
margins and had a wide base (Fig. 1a). No invasion of the
trigone of bladder and bilateral hydronephrosis was ob-
served. Superb microvascular imaging (SMI) showed
strong blood flow signals in the mass (Fig. 1b). CEUS was
then performed with an injection of 2.4 ml US contrast
agent (SonoVue, Bracco, Milan, Italy) followed by 5ml
0.9% sterile saline flush through the antecubital vein. The

Fig. 1 Ultrasonography and contrast-enhanced ultrasound (CEUS) imaging of large cell neuroendocrine carcinoma (LCNEC) in the urinary bladder.
a Sonography showed a hypoechoic mass with hyperechoic margins in the anterior wall of the urinary bladder. b Superb microvascular imaging
(SMI) showed strong blood flow signals in the mass. ¢ CEUS imaging showed that the lesion achieved hyper-enhancement in the early phase in
comparison to the bladder wall. d The lesion showed hypo-enhancement compared to the bladder wall. e Time-intensity curves (TICs) was
created by analysing the ROI (green) positioned in the tumor and the reference ROI (yellow) in the bladder wall. TICs showed the lesion was
initially enhanced at 95, the time to peak was 13's and wash-out occurred at 40s
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examination was performed at a low mechanical index of
0.09. In the early phase, the lesion exhibited completely
homogeneous enhancement that was obviously stronger
than that of the normal bladder wall (Fig. 1c). At the same
time, CEUS showed disruption of the entire bladder wall
by homogeneous hyper-enhanced tumor tissue. Then, the
lesion rapidly showed hypo-enhancement, resulting in a
sharp contrast compared with the adjacent bladder wall
(Fig. 1d). Next, we created TICs to exactly analyse the per-
fusion of the lesion. The lesion was initially enhanced on
CEUS at 9s compared to the bladder wall that was en-
hanced at 13 s. The tumor reached the peak enhancement
at 13s, and the strong enhancement was continuously
maintained until 40s. Subsequently, the microbubbles
within the mass began to wash out, and the level of en-
hancement decreased to equivalent to that of the bladder
wall (Fig. 1le). After 300 s, the microbubbles in the tumor
were completely washed out. These CEUS features sug-
gested a diagnosis of urinary bladder malignancy.

The patient underwent partial cystectomy under general
anaesthesia without complications. Histological examin-
ation revealed large tumor cells with polymorphic nuclei
and organoids, trabecular growth, a coarse chromatin pat-
tern, and prominent nucleoli (Fig. 2a). Immunohistochemi-
cally, the neuroendocrine tumor differentiation markers
CD56 (Fig. 2b), chromogranin A (Fig. 2c) and synaptophy-
sin (Fig. 2d) were positive, suggesting neuroendocrine dif-
ferentiation. The cellular proliferation marker Ki-67 was as
high as 90% (Fig. 2e). Based on these findings, the tumor
was diagnosed as LCNEC. The patient received six courses
of postoperative adjuvant chemotherapy (cisplatin/etopo-
side) and he has now been free of recurrence for more than
2 years after surgery.

Discussion and conclusions

LCNEC of the urinary bladder is an extremely rare ma-
lignant neoplasm with a high incidence of rapidly pro-
gressing and metastatic disease in clinical practice. This
malignancy has a significant male sex predilection, as al-
most 80% of diagnosed subjects were men, while the
mean age at the time of diagnosis is close to 60 years [1].
Smoking is the most important risk factor [11]. The
most common clinical presentation is haematuria, which
may be accompanied by flank pain, dysuria, ureteral ob-
struction and hydronephrosis [2]. The differential diag-
nosis includes urothelium carcinoma, lymphoma, small
cell neuroendocrine carcinoma (SCNEC) or metastatic
malignant round cell neoplasms.

Ultrasonography is usually the first imaging study per-
formed and has been widely used for the identification
of bladder lesions in clinical practice. However, the ac-
curacy and sensitivity of US in the detection of bladder
lesions is relatively low, and it is difficult to detect wall
invasion and the microvasculature of the tumor [9, 12].
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Fig. 2 Histological findings of the mass. a. Haematoxylin and eosin
staining revealed large tumor cells with polymorphic nuclei and
organoids, trabecular growth, a coarse chromatin pattern, and
prominent nucleoli. Immunohistochemical staining indicated that
tumor cells were positive for CD56 (b), chromogranin A (c) and
synaptophysin (d). The cellular proliferation marker Ki-67 was as high
as 90% (e)

Various studies demonstrated that magnetic resonance
imaging (MRI) and computed tomography (CT) using
iodinated contrast media could be valuable for evaluat-
ing extravesical extension, tumoral infiltration and
lymph node metastasis in bladder cancer [13]. However,
CT and MRI scan are expensive and sometimes unsafe
because of adverse reactions associated with using iodine
as a contrast medium. In addition, some patients with
high urea and creatine levels or in early stages of kidney
disease may not be able to tolerate CT and MRI contrast
medium and US may be useful in this scenario as well.
CEUS can play a significant role in the diagnosis of urin-
ary bladder, and is helpful for evaluating the depth of wall
invasion and detecting of microvasculature [9, 12]. Previ-
ous studies have explored the application of CEUS in the
diagnosis and staging of bladder urothelium carcinoma,
but there are no reports of the use of CEUS to diagnose
LCNEC. Caruso et al. [7] reported that on CEUS, a tumor
was considered superficial when the relatively hypo-
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enhanced muscle layer of the bladder wall was intact; dis-
ruption of the muscle layer by enhanced tumor tissue was
considered diagnostic of infiltration. In the present case,
the CEUS images showed a loss of planes between the le-
sion and the bladder wall layers, with disappearance of the
hyper-enhanced submucosal layer and hypo-enhanced
muscle layer due to the presence of the hyper-enhanced
tumor tissue. The disruption of the bladder wall muscular
layer by enhancing tumor tissue confirms the infiltrative
feature of the tumor [14].

CEUS with TICs could provide objectively and quanti-
tatively parameters of the blood perfusion of the bladder
tumor and reflect the angiogenesis of the tumor. Angio-
genesis plays important role in the vascularization,
growth, and metastasis of tumors. It is reported that a
early wash-out enhancement pattern is common in ar-
teriovenous fistulas as a result of angiogenesis, with a
less distribution of tortuous vessels and interstitial
oedema vessels related to a quick wash-out of contrast
agent from the blood vessels [10]. In this case, the quan-
titative analysis showed the TIC characterized by high
signal intensity, rapid wash-in, and early wash-out. This
is similar to the results of Guo et al. [10], which dis-
played tumor with high-grade microvessel density, with
high signal intensity and a fast wash-out. Therefore,
CEUS, with TIC analysis, may be a useful non-invasive
method in preoperatively evaluating the angiogenesis of
bladder carcinoma.

CEUS provides useful information in diagnosing the
bladder nodules, especially in the identification of clots
and tumors, which could detect the vascularization of
bladder cancer whereas bladder clots show no enhance-
ment during all phases [12]. However, the presence of
focal or nodular enhancement does not always lead to a
definite diagnosis of bladder cancer. Thus, further stud-
ies are needed to prove the usefulness of CEUS in dis-
criminating different bladder lesions such as adhered
bladder lithiasis, bladder wall trabeculation, enlarged
prostate or different pathologic type of bladder cancer.

However, CEUS has some limitations, similar to other
ultrasound techniques. First, as with conventional sonog-
raphy, obesity, calcifications, insufficient or excessive
bladder distention and the lesion site can impair the
quality of the bladder lesion image [7]. Second, CEUS is
more dependent on operator practice and the experience
of the physician. Third, it is difficult or impossible to ob-
tain information on the extent of extravesical spread of
widely infiltrating tumors or lymph node metastasis.

In summary, CEUS can well depict some common
characteristics, which provide helpful clues in the diag-
nosis and detection of the depth of wall invasion of
LCNEC in the urinary bladder. Furthermore, CEUS with
TIC parameters could also be useful in the detection of
microvasculature in LCNEC. We believe that CEUS may
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be an effective method for screening and diagnosing of
LCNEC in the urinary bladder. Further studies involving
more patients are mandatory to confirm these encour-
aging results.

Abbreviations

LCNEC: Large cell neuroendocrine carcinoma; CEUS: Contrast-enhanced
ultrasound; SMI: Superb microvascular imaging; TIC: Time-intensity curves;
SCNEC: Small cell neuroendocrine carcinoma; MRI: Magnetic resonance
imaging; CT: Computed tomography

Acknowledgements
Not applicable.

Authors’ contributions

BWZ performed the CEUS examination and designed the study; ZZS and WL
drafted and edited the manuscript as major contributors; JHK provided the
pathology images; XYX and XHX analyzed the data and images; and all
authors made significant contributions to the content of this paper. All
authors read and approved the final manuscript.

Funding

This project was funded by the National Natural Science Foundation of
China (81530055) and Guangdong Basic and Applied Basic Research
Foundation (2020A1515010653). The funders had no role in designing or
conducting the study and did not influence the outcomes of the
manuscript. No additional external funding was received for this study.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication

The patient provided written informed consent to publish this report and
the associated images. We have de-identified the demographic information
and other specific information of the patient. A copy of the written consent
form is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Medical Ultrasonics, Institute of Diagnostic and
Interventional Ultrasound, The First Affiliated Hospital of Sun Yat-Sen
University, 7/F, 2nd Building, 58# Zhongshan Road 2, Guangzhou 510080,
People’s Republic of China. “Department of Pathology, The First Affiliated
Hospital of Sun Yat-Sen University, NO.58 Zhongshan Road 2, Guangzhou
510080, People’s Republic of China.

Received: 13 February 2020 Accepted: 23 April 2020
Published online: 03 May 2020

References

1. Radovi¢ N, Turner R, Bacalja J. Primary “pure” large cell neuroendocrine
carcinoma of the urinary bladder: a case report and review of the literature.
Clin Genitourin Canc. 2015;13(5).e375-7.

2. Acosta AM, Kajdacsy-Balla A. Primary neuroendocrine tumors of the ureter: a
short review. Arch Pathol Lab Med. 2016;140(7):714-7.

3. Abenoza P, Manivel C, Sibley RK. Adenocarcinoma with neuroendocrine
differentiation of the urinary bladder. Clinicopathologic,
immunohistochemical, and ultrastructural study. Arch Pathol Lab Med. 1986;
110(11):1062-6.

4. Coelho HMP, Pereira BAGJ, Temido PASC. Large cell neuroendocrine
carcinoma of the urinary bladder: case report and review. Curr Urol. 2013;
7(3):155-9.

5. Boyer AC, Jafri SZ, Jafri SMA, Amin MB. Neuroendocrine carcinoma of the
urinary bladder: a retrospective study of CT findings. Abdom Imaging. 2013;
38(4):870-6.



Li et al. BMC Medical Imaging

(2020) 20:46

Sari A, Ermete M, Sadullahoglu C, Bal K, Bolukbasi A. Large cell
neuroendocrine carcinoma of urinary bladder; case presentation. Turkish J
Pathol. 2013;29(2):138.

Caruso G, Salvaggio G, Campisi A, Melloni D, Midiri M, Bertolotto M, et al.
Bladder tumor staging: comparison of contrast-enhanced and gray-scale
ultrasound. AJR Am J Roentgenol. 2010;194(1):151-6.

Drudi FM, Cantisani V, Liberatore M, lori F, Erturk SM, Cristini C, et al. Role of
low-mechanical index CEUS in the differentiation between low and high
grade bladder carcinoma: a pilot study. Ultraschall Med. 2010;31(6):589-95.
Nicolau C, Bunesch L, Peri L, Salvador R, Corral JM, Mallofre C, Sebastia C.
Accuracy of contrast-enhanced ultrasound in the detection of bladder
cancer. Br J Radiol. 2011;84(1008):1091-9.

Guo SP, Xu P, Zhou AY, Wang GX, Chen WM, Mei JH, et al. Contrast-
enhanced ultrasound differentiation between low- and high- grade bladder
urothelial carcinoma and correlation with tumor microvessel density. J
Ultrasound Med. 2017;36(11):2287-97.

Bhatt VR, Loberiza FJ, Tandra P, Krishnamurthy J, Shrestha R, Wang J. Risk
factors, therapy and survival outcomes of small cell and large cell
neuroendocrine carcinoma of urinary bladder. Rare Tumors. 2014;6(1):5043.
Nicolau C, Bunesch L, Sebastia C, Salvador R. Diagnosis of bladder cancer:
contrast-enhanced ultrasound. Abdom Imaging. 2010;35(4):494-503.

Gakis G, Witjes JA, Compérat E, Cowan NC, De SM, Lebret T, et al. European
Association of Urology. EAU guidelines on primary urethral carcinoma. Eur
Urol. 2013;64(5):823-30.

Macri F, Di Pietro S, Mangano C, Pugliese M, Mazzullo G, lannelli NM, et al.
Quantitative evaluation of canine urinary bladder transitional cell carcinoma
using contrast-enhanced ultrasonography. BMC Vet Res. 2018;14(1):84.

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

Page 5 of 5

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

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e 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




	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

