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Abstract: Primary primitive neuroectodermal tumor (PNET) of the bladder is an extremely rare and
highly aggressive neoplasm. We report a case of PNET of the urinary bladder associated with increased
serum neuron-specific enolase (NSE) in the presence of relapse and metastasis. A 66-year-old male presented
to our department due to painless gross hematuria. Computed tomographic urography (CTU) showed
an intraluminal tumor in the anterior bladder wall. Biopsy revealed a malignant small round blue cell
tumor. The patient denied radical cystectomy, and partial cystectomy was given together with resection of
adjacent peritoneum. The patient was diagnosed with primary bladder PNET after pathological inspection
with negative surgical margins. Additionally, he received 6 cycles of chemotherapy using etoposide and
cisplatin (EP) regime, and showed recurrence and metastasis afterwards. Disease progression was seen after
transurethral resection (TUR) of bladder tumor and radiotherapy. Pelvic and retroperitoneal metastasis
triggered bilateral hydronephrosis, and then palliative treatment was given with bilateral percutaneous
nephrostomy. Finally, he died 12 months after diagnosis. PNETs are highly aggressive tumors characterized
by the expression of MIC2 and neural markers and the presence of EWS-FLI1 translocation. We
recommend histologic, immunohistochemical, and cytogenetic analysis in all patients with small round blue
cell bladder malignancy in order to rule out other small cell malignancies. Multimodal treatment, including
surgery and adjuvant chemotherapy must be initiated. Patients aged <30 years underwent complete resection
of tumor and standard chemotherapy showed a better prognosis, while those with metastasis, incomplete
resection and inadequate response to chemotherapy showed poor prognosis. Moreover, an elevated NSE

may indicate a poor prognosis.
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Introduction tumor (2). These tumors share typical histopathological,

Primitive neuroectodermal tumors (PNETs) are highly
aggressive small round blue cell tumors with neuroblastic
differentiation that occurs outside the brain, spinal cord
and sympathetic nervous system (1). They are assigned to
the Ewing family of tumors including Ewing’s sarcoma of
bone, extraosseous Ewing’s sarcoma, PNET, and Askin’s
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immunohistochemical and ultrastructural features,
together with the cytogenetic alteration described as
t(11;22)(q24;q12). To our best knowledge, PNET is
distinguished from other Ewing family of tumors by
overexpressing CD99 and certain neural markers (e.g.,

Leu-7). It predominantly affects children and adolescents,
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which arises in deep soft tissues, such as kidney, ovary, as
well as pancreas (3). The clinical findings of PNETs were
not specific, while patients with vesical PNET were aged
population with a high tendency of being diagnosed as
metastatic diseases. The prognosis was poor even after
multimodal therapy, particularly those with primary PNET
of the urinary bladder. In this study, we presented a case of
primary bladder PNET and reviewed its clinicopathological
features, therapeutic strategies and prognostic factors to
provide helpful information in the diagnosis and treatment
of bladder PNET. We present the following article in
accordance with the CARE reporting checklist (available at
https://dx.doi.org/10.21037/tcr-21-864).

Case presentation

A 66-year-old male presented to our department due to
painless gross hematuria on September 12, 2016. Physical
examination was unremarkable. Urinalysis showed a red
blood cell count of 1.1x10* per high power field (HPF,
reference range, 0-3/HPF) and 7 white blood cells per HPF
(reference range, 0-5/HPF). The other laboratory findings
including neuron-specific enolase (NSE) level were within
the normal ranges. Computed tomographic urography
(CTU) showed an extensive, predominantly intraluminal,
irregular bladder tumor (3.7 cm x 2.5 cm) arising from
the anterior wall of the urinary bladder combined with
thickening of bladder wall (Figure 14). There was a vague
boundary between bladder wall and the perivesical tissue.
Chest computed tomography (CT) and magnetic resonance
imaging (MRI) findings of the brain were negative.
Cystoscopy revealed a bleeding sessile tumor with focal
areas of necrosis at the anterior bladder wall. He denied
histories of genetic diseases and other diseases, or a history
of smoking and drinking alcohol. The study protocol was
approved by the ethics board of Binzhou Medical University
Hospital (LW-019). All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee(s) and with the Helsinki Declaration (as
revised in 2013). Written informed consent was obtained
from the patient for publication of this case report and
accompanying images. A copy of the written consent was
available upon appropriate requests.

Biopsy was performed during cystoscopy inspection.
Pathological diagnosis indicated a small round blue
malignant neoplasm. Immunohistochemical staining
indicated that the tumor cells were diffusely positive for

© Translational Cancer Research. All rights reserved.

Wu et al. PNET of urinary bladder

synaptophysin and CD56, and were negative for pan
cytokeratin, chromogranin A and leukocyte common
antigen. The Ki-67 index was about 80%. The patient
underwent partial cystectomy on September 23, 2016 to
resect the tumor and the adjacent peritoneum.

Grossly, a polypoidal tumor (4.3 cm x 4 cm x 3 cm)
was presented in the bladder wall with focal necrosis.
Macroscopic examination showed a tumor diffusely
infiltrated the lamina propria and muscularis propria.
The urothelium was infiltrated by tumor cells. Neoplastic
cells were arranged in solid sheets and nests. Occasionally,
rosette-like structures were noted. The tumor cells were
small round blue cells with scant cytoplasm, monotonous
round or oval nuclei, with finely dispersed chromatin. The
nucleoli were not obvious. Mitotic activity was high and
apoptosis was also noted. Necrosis was present in some
area. Immunohistochemically, the tumor cells were positive
for CD99, CD56, synaptophysin, and Fli-1 (Figure 1B-1G).
In contrast, the tumor cells were negative for CK, EMA,
vimentin, chromogranin A, myo D1, myogenin, desmin,
smooth muscle actin, S-100, CD117, CD34, terminal
deoxynucleotidyl transferase, as well as WT-1. About 10%
of the tumor cells were positive for GATA-3. The Ki-67
index was about 80% (Figure 1H). The final diagnosis was
primary PNET of the bladder.

The patient showed complete response after 6 cycles
of chemotherapy using etoposide and cisplatin (EP)
regime. Pelvic MRI performed on February 7, 2017
revealed recurrence of the primary bladder tumor. He
showed partial response after transurethral resection
(TUR) of bladder tumor and external beam radiotherapy
(60 Gy/30 f). The recovery was eventful with serum NSE
at a concentration of 40.38 ng/mL (reference range,
0-16.3 ng/mL). On September 1, 2017, he showed edema
in the lower extremities, pain in the lower abdomen
and bilateral flank. CT scan demonstrated pelvic and
retroperitoneal metastasis, resulting in bilateral ureteral
dilation and hydronephrosis. Serum creatinine was
higher than the reference range (142.7 pmol/L; reference
range, 0-132 pmol/L). As he denied chemotherapy and
radiotherapy, palliative treatment was given using bilateral
percutaneous nephrostomy. Finally, the patient died on
October 4, 2017 (Figure 2).

Discussion

Primary bladder PNET is extremely rare. A comprehensive
literature search was carried out for primary bladder
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Figure 1 Primary PNET of the bladder. (A) CTU revealed an extensive, intraluminal, irregular mass (3.7 cm x 2.5 cm) in the anterior wall
of the urinary bladder with thickening of the bladder wall. There was undefined plane between the anterior bladder wall and pelvic tissues. (B)
Histological findings indicated sheets of small round blue cells infiltrating in the bladder (hematoxylin-eosin staining, x6). (C) The tumor
cells were small with scant cytoplasm. The chromatin was fine (hematoxylin-eosin staining, x400). (D-H) Immunohistochemical staining of
CD99 (Enlivision, x200), synaptophysin (Enlivision, x200), CD56 (Enlivision, x200), fli-1 (Enlivision, x200) and Ki-67 (Enlivision, x100).

PNET, primitive neuroectodermal tumor; CTU, computed tomographic urography.

PNET in PubMed, and a total of 17 English articles were
obtained in Table 1 (1,3-18). In total, 18 cases (male: 9;
female: 9) with bladder PNET were found including our
case. The median age was 47.5 years (10-81 years), which
was older than the counterparts with lesion in other sites.
All the patients showed no specific symptoms, among
which 11 cases presented hematuria and 7 presented

lower urinary tract symptoms. Likewise, the physical
examination findings were not remarkable. Therefore,
diagnosis of bladder PNET was not adequate based on
the complaints and physical examination findings. Two
patients received chemotherapy for treating solid tumors
in femoral muscle and bladder, respectively (3,4). Two
patients received chemotherapy for Hodgkin’s disease
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Figure 2 Timeline of the case showed the onset, diagnosis, progression, treatment, and death of the case. PNET, primitive neuroectodermal

tumor; EP protocol, etoposide + cisplatin; TUR, transurethral resection.

Table 1 Summary of the clinicopathological features

Immunohistochemical gyyg/

A Ti i i di tatus in th
Cases 9 prosentation """ S \etastasis findings FLI-1 Operation ~ Chemotherapy Radiation Status in the
ex ) last follow-up
CD99 NSE S-100 fusion
Banerjee 21/M Microscopic 8x6x4 None + + - ND Cystectomy VAC No Alive, NED
etal. (1) hematuria, 18 months
frequency,
dysuria
Ellinger 72/M  Hematuria, NA Abdominal + NA NA ND TUR + resection No No Bad
etal. (3) oliguria wall of multiple condition,
metastases 2 months
Al 67/F  Hematuria, 3x2.5x1 None + + + ND Partial cystectomy No No DOCD,
Meshaan fever 6 months
etal. (4)
Busato 57/F  Pelvic pain, 3.3x1.5x2.2 NA + ND + Yes TUR VDC/IE No Alive, NED
et al. (5) dysuria, 27 months
frequency
Colecchia 61/F Bilateral NA Pulmonary  + ND ND Yes NA NA No NA
et al. (6) hydronephrosis
Desai 38/F Gross 12x7x3.5 None + + - ND Radical NA No NA
etal. (7) hematuria cystectomy
Gousse  15/F Gross 2x2x3 None + NA  NA Yes TUR + partial VDC/IE No Alive, NED
et al. (8) hematuria cystectomy 18 months
Kriger 81/M Lymphedema, NA None + + - Yes TUR (palliative) No No DOD,
etal. (9) fatigue, urge 2 weeks
incontinence
Lametal. 30/F Gross 6.4x9.4x7.7 None + ND + Yes Radical VAC/IE No Alive, NED
(10) hematuria, cystourethrectomy 1 year
polyuria
Lopez- 21/F Gross 9x8x6 None + - + Yes Radical NA No Alive, NED
Beltran hematuria, cystectomy 3 years
etal. (11) frequency,
dysuria

Table 1 (continued)
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Immunohistochemical gyg/

Age/ Tumor size,

Status in the

Cases Presentation Metastasis findings FLI-1 Operation Chemotherapy Radiation last follow-up
CD99 NSE S-100 fusion

Mentzel 62/M  Hematuria, 14x10x10 NA + + + ND NA No No DOPE,

etal. (12) fever, flank pain 3 weeks

Okada 65/M Gross 5 None + ND - Yes Cystectomy VIDE Yes DOASMAT,

etal. (13) hematuria, 22 months;
dysuria relapse,

8 months
later

Osone 16/M Gross 1 None + ND - Yes TUR Modified P6 No Alive, NED

etal. (14) hematuria, protocol 2 years
dysuria

Raoetal. 14/F Lump of lower 15x12x7.5 NA + + + ND En-bloc resection NA No Relapse,

(15) abdomen, of the bladder 6 months

aching pain

Sueyoshi  10/M Polyuria, lower 14x13x13 None + ND - Yes Partial cystectomy VDC/IE No Alive, NED

etal. (16) abdominal 11 months
swelling

Tonyali et 38/F Gross 4x2.6x2.5 None + ND - Yes Radical VDC/IE No Alive, NED

al. (17) hematuria cystectomy 14 months

Zheng et 74/M  Hematuria, NA Pelvic + ND ND ND Not described  Modified VAC No DOD, 4

al. (18) frequency, lymph node weeks
dysuria

Current  66/M Gross 3.7x2.5 None + ND - ND Partial cystectomy EP protocol Yes DOD, 1 year

case hematuria

+/—, the immunohistochemical staining of the tumor cells was positive/negative for certain antigen. M, male; F, female; NA, not available; ND, not
done; TUR, transurethral resection; VAC, vincristine + actinomycin D + cyclophosphamide; VDC, vincristine + doxorubicin + cyclophosphamide;
IE, ifosfamide + etoposide; EP protocol, etoposide + cisplatin; P6 protocol, courses 1, 2, 3 and 6 consist of vincristine, doxorubicin and
cyclophosphamide, courses 4, 5 and 7 consist of ifosfamide and etoposide; NED, no evidence of disease; DOCD, died of cardiac disease; DOD,
died of disease; DOPE, died of pulmonary embolism; DOASMAT, died of acute superior mesenteric artery thrombosis.

and acute lymphoblastic leukemia, respectively (7,14).
One patient received immunosuppression therapy for
renal transplantation (1). Increasing evidence indicated
that deranged immunological mechanisms might be risk
factors for bladder PNET. Some renal PNET cases showed
elevation of lactate dehydrogenase and NSE, especially
those with metastasis (19,20). Serum NSE level could be
used as a marker to predict the progression of bladder
PNET. In this case, the NSE level was in the normal range
after the first multimodal therapy in our hospital. However,
the NSE was at a higher level even he received the second
multimodal therapy in another hospital. No specific signs of
PNET were available after utilization of imaging technique,
however, MRI and CT provide an assessment of distant
metastasis.

© Translational Cancer Research. All rights reserved.

The diagnosis of PNET is highly relied on the
pathological findings. Histologically, bladder PNET
appeared as tumors composed of poorly differentiated small,
round and blue cells, which formed rosette-like structures
in some cases (5/18) (9,12,15,18). Immunohistochemically,
CD99 was positive in all cases. NSE, vimentin, S-100 were
expressed in 87.5%, 77.8% and 42.9% of the bladder PNET
patients, respectively. The other malignant small, round
cell tumors (e.g., small cell neuroendocrine carcinoma,
rhabdomyosarcoma, haemotopoietic and lymphoid
neoplasm) could be excluded by neural features, together
with immunohistochemical staining of cytokeratin, desmin
and lymphoid markers. The non-random chromosomal
translocation described as t(11;22)(q24;q12) was detected in
all cases (7/7) by fluorescent iz situ hybridization or reverse

Transl Cancer Res 2021;10(11):4997-5004 | https://dx.doi.org/10.21037/tcr-21-864
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Figure 3 Kaplan-Meier curve assessment of survival as function of
age (A), surgery (B) and chemotherapy (C). Kaplan-Meier analysis

was performed for 16 patients with clinical data.
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transcription-polymerase chain reaction, which added clear
evidences to the diagnosis of PNET. Other translocations
such as t(21;22)(q22;q12) and/or ©(7;22)(p22;q12) were also
reported (21,22).

Primary bladder PNET is highly aggressive and is usually
misdiagnosed especially in unusual sites (19). To date, the
diagnosis and treatment of bladder PNET is still a challenge
for the pathologists and clinicians. In the presence of small
round tumor cells expressing neurosecretory markers upon
routine histologic tests, the diagnosis of PNETs should
be taken into consideration. Immunohistochemical and
molecular tests were crucial for the diagnosis.

Multimodal therapy, including complete resection
of primary tumor, multi-agent chemotherapy and
postoperative radiotherapy, is mandatory due to the occult
metastasis even in patients with apparently localized
disease. Due to the rarity of primary bladder PNET, the
chemotherapy regime was derived from studies on the
Ewing’s sarcoma, consisted of vincristine, doxorubicin,
and cyclophosphamide, alternating with ifosfamide and
etoposide (VDE/IE) (23). Eight cases received surgery
and standard (neo) adjuvant chemotherapy showed
no recurrence in the 11-36 months follow-up periods
(1,5,8,10,11,14,16,17). Three cases underwent complete
resection of the primary tumors without adjuvant
chemotherapy, and the prognosis was poor. One died from
cardiac disease 6 months after complete resection (4), and
two showed relapse about 6 and 8 months after complete
resection (13,15), respectively. Radical cystectomy was
denied by our patient. Unfortunately, the patient showed
disease progression after partial cystectomy and 6 cycles of
EP. Therefore, the prognosis of primary bladder PNET was
poor even after multimodal therapy. Notably, Lopez-Beltran
and his colleagues (11) reported that there was high
expression of CD117 (c-kit) in tumor cells. As a targeted
c-kit inhibitor involved in inhibiting proliferation of
Ewing tumor cells and sensitizing the apoptotic effects of
vincristine and doxorubicin (24), Imatinib was administered
together to the patient in their study. Finally, the patient
was free of recurrence in the 3-year follow-up.

Kaplan-Meier analysis was performed for the patients
with a definitive outcome using SPSS 18.0 software.
Patients aged <30 years showed a better prognosis compared
with those aged >30 years (log-rank, P=0.021, Figure 3A).
Complete resection of tumor (P=0.001, Figure 3B) and
standard chemotherapy (P=0.004, Figure 3C) were favorable
factors for a better prognosis. Metastasis, incomplete
resection, and inadequate response to chemotherapy were

Transl Cancer Res 2021;10(11):4997-5004 | https://dx.doi.org/10.21037/tcr-21-864
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associated with a poor prognosis (25,26). Meanwhile,
increased NSE level in the peripheral blood may indicate a
poor prognosis. On this basis, we advocated the application
of serum NSE level as a routine item for the follow-up of
patients with bladder PNET.

In conclusion, primary urinary bladder PNET is
extremely rare with highly aggressive features. Notably,
patients with bladder PNET were older than those
diagnosed in other organs. With non-specific symptoms,
bladder PNET was often diagnosed at an advanced stage,
which resulted in poor prognosis due to a rapid progression.
Therefore, PNET should be considered in the differential
diagnosis upon identification of small round blue tumor
cells in a bladder neoplasm. Immunohistochemical staining
and molecular detection are essential for the final diagnosis.
Upon diagnosis of PNET, multimodal therapy, including
complete resection of tumor, adjuvant chemotherapy
or/and radiotherapy, is mandatory. Targeted therapy can
be included in the multimodal protocol of metastatic
or chemo-refractory bladder PNET. Patients aged less
than 30 years with complete resection of tumor and
standard chemotherapy showed better prognosis, while
metastasis, incomplete resection and inadequate response
to chemotherapy were unfavorable factors. Moreover, an
elevated NSE may indicate a poor prognosis among the
PNET patients, and further studies are needed to confirm
this observation.
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