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Abstract
Bladder tamponade due to hemorrhagic cystitis caused by BK virus in immunocompetent pa-
tients is familiar to urologists. BK virus is an important cause of nephropathy and graft loss in 
kidney transplant recipients. Although urothelial carcinoma of the bladder in kidney trans-
plant recipients with persistent BK viruria is known, BK virus-associated urothelial carcinoma 
(BKVUC) in peripheral blood stem cell transplantation recipients is not as well known. A 
54-year-old man with acute lymphoblastic leukemia was treated in the Department of Hema-
tology of our hospital. After recurrence 25 months later, he received chemotherapy for half a 
year and underwent peripheral blood stem cell transplantation. He achieved temporarily com-
plete remission, but he developed hematuria with BK virus-positive result 1 month after pe-
ripheral blood stem cell transplantation. One month later, he developed bladder tamponade-
diagnosed hemorrhagic cystitis due to BK virus in our Urological Department. We performed 
transurethral coagulation to manage hemorrhage and removed a bleeding lesion in the blad-
der wall. Pathological examination of the removed bladder wall revealed pT1 stage BKVUC. 
We found that bladder tamponade could have led to reactivation of BK virus in this immuno-
competent patient. This could be the first report of BKVUC of the bladder found in a periph-
eral blood stem cell transplantation recipient with close urological follow-up for 24 months. 
Adequate removal of bleeding lesions from the bladder mucosa with appropriate timing dur-
ing hemorrhagic cystitis due to BKVUC could be essential to achieve good outcomes.
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Introduction

BK virus was initially isolated from a renal transplant patient in 1971 and is part of the 
polyomavirus family [1]. Several reports have suggested that BK virus may play a significant 
role in the pathogenesis of bladder cancer [2]. Furthermore, significant associations between 
urine cytological evidence of polyomavirus infection and bladder cancer have been demon-
strated in immunocompetent patients [3]. On the other hand, BK viruria and hemorrhagic 
cystitis are reportedly more frequent in allogeneic hematopoietic stem cell transplant patients 
receiving full conditioning and unrelated-donor HLA-mismatched grafts [4]. Details of the 
pathogenesis, prognosis, and treatment of BK virus-associated urothelial carcinoma (BKVUC) 
are not well understood.

Case Report

A 54-year-old man presented to the Department of Hematology of our hospital with a 
diagnosis of acute lymphoblastic leukemia. Other than leukemia, his medical history was only 
surgery for cholesteatoma. He denied any history of tobacco use. He achieved remission after 
receiving chemotherapy (vincristine + daunorubicin + cyclophosphamide + L-asparaginase), 
but recurrence was identified 25 months later. He received HLA haploidentical stem cell 
transplantation with fludarabine and busulfan for conditioning, and tacrolimus, posttrans-
plant cyclophosphamide, mycophenolate mofetil for graft versus host disease prophylaxis, 
and complete remission had been confirmed. However, 1 month after peripheral blood stem 
cell transplantation, he developed macrohematuria and his urinary viral examination was 
positive for BK virus. One month later, bladder tamponade developed multiple times and 
hemorrhagic cystitis due to BK virus was diagnosed in our Urological Department. Blood test 
showed severe bone marrow suppression attributed to the effects of chemotherapy. Despite 
daily transfusions, platelet counts remained at 30,000–40,000/µL. Cystoscopy revealed a 
massive blood clot and bleeding from the right wall. We performed transurethral electroco-
agulation under a diagnosis of hemorrhagic cystitis. A small nodule was found on the right 
wall during surgery, and so it was resected. Histological examination of hematoxylin-eosin-
stained tissue sections demonstrated high-grade urothelial carcinoma with submucosal 
invasion with hemorrhagic cystitis (Fig.  1). Immunohistochemical staining of the urinary 
bladder performed for distinction between reactive proliferative changes and malignant 
epithelia revealed positive results for p53, p16, SV40, and CK7 and negative results for CK20. 
Finally, we concluded with the pathological diagnosis of pT1 stage BKVUC. Preoperative 
urinary cytology was negative for polyomavirus-infected cells. Contrast-enhanced computed 
tomography revealed no metastasis of bladder cancer.

One month later, we performed second transurethral electrocoagulation to control 
bleeding by electrocoagulation and adequately removed the lesion soon after relapse of 
bladder tamponade. Pathological findings again revealed pT1 stage BKVUC. Our patient has 
been recurrence free from BKVUC for 24 months after transurethral controlling of hemor-
rhage cystitis and single bladder instillation therapy with anticancer agents.

Discussion and Conclusion

BK virus reactivation can occur under an immunosuppressed status, notably in patients 
after kidney transplantation or blood stem cell transplantation. According to several studies, 
primary BK virus infection occurs in 90% of the population by 10 years old, but almost all 
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people remain asymptomatic [5]. In our case, BK virus reactivation could have occurred 
immediately after transplantation, as hemorrhagic cystitis was found soon after peripheral 
blood stem cell transplantation. Cyclophosphamide had been administered for 3 years as an 
anticancer agent for leukemia and had probably contributed to reactivation of BK virus. BK 
virus is actually well known to be likely to provoke hemorrhagic cystitis in such immunocom-
promised individuals [6]. The possibility of a relationship between BK virus reactivation in 
immunosuppressed patients and oncogenesis in the urinary bladder was reported in 2013 
[7]. In that report, BK virus showed potential for malignant transformation of activated cells, 
cell cycle shifts to proliferation and inhibition of apoptosis. BK virus could play significant 
roles in the pathogenesis of bladder cancer [8] and has been linked to urothelial carcinoma 
[9, 10].

BKVUC is likely to be found in an advanced stage and to show poor prognosis. It is 
supposed to coexist with BK virus-positive hemorrhagic cystitis. BKVUC in immune-
suppressed patients with hemorrhagic cystitis is important to understand. We need to 
consider BKVUC hidden under hemorrhagic cystitis and achieve early diagnosis with histo-
logical examination to achieve good outcomes for patients.
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Diagnosis of BKVUC requires confirming the expression of SV40 T antigen. Expression of 
SV40 has been recognized as an important mediator to disable tumor suppressor genes (e.g., 
p53) [11]. SV40 is a protein coded by simian virus 40, which converts infected cells to 
malignant formation by denaturing proteins crucial for tumor suppression, such as p53 and 
pRB. Then, large T antigen binds to p53 after accumulation by stabilizing in BKVUC. 
Furthermore, p16 was reported to be strongly expressed and diffusely positive in invasive 
BKVUC [7]. Therefore, expression of p53, p16, and SV40 on histological examination were 
essential to diagnose BKVUC.

Excessive immunosuppression with calcineurin inhibitors, mycophenolate derivatives, 
high-dose steroids plus monoclonal antibodies could reportedly increase the chance of BK 
virus reactivation [12]. In our case, calcineurin inhibitors and mycophenolate derivatives 
were used for half a year before transplantation, and BK virus reactivation was thought to 
have occurred about 1 month after transplantation. When hemorrhagic cystitis develops in 
immunosuppressed patients, we need to consider BK virus reactivation causing UC as soon 
as possible for early diagnosis.

BKVUC of the bladder in kidney transplant recipients with persistent BK viruria has 
already been reported [9, 10]. However, BKVUC in peripheral blood stem cell transplantation 
recipients is not well known. Innate immunity usually recovers during the several months 
after peripheral blood stem cell transplantation, and the reconstitution of adaptive immunity 
occurs over the first 1–2 years [13]. BKVUC might be rare in patients with peripheral blood 
stem cell transplants because of the short duration of their immunocompromised condition. 
In contrast, our case has received chemotherapy with lymphocytic toxicity for a few years 
before peripheral blood stem cell transplantation. Therefore, he could be more likely to 
contract BKVUC of the bladder than others who underwent peripheral blood stem cell trans-
plantation. Our report could be the first report of BKVUC of the bladder found in a patient with 
peripheral blood stem cell transplantation. BKVUC of the bladder is often found as an advanced 
cancer with muscle invasive tumor that needs to undergo total cystectomy. To date, a small 
number of reports have described a micropapillary variant with BKVUC. Hill et al. [14] 
reported that strong p53 positivity in micropapillary tumors suggested a molecular pathway 
of oncogenesis in a setting of BK virus infection. BK viruria may be a risk factor for this 
aggressive form of bladder cancer [9, 10]. However, the relationship between BK virus and 
development of the micropapillary variant was not elucidated in those reports.

Our case underwent transurethral resection of bladder tumor (TURBT) and immediate 
intravesical instillation of mitomycin C (MMC). Because his pathological stage was T1, further 
intravesical instillation therapy with bacille Calmette-Guérin (BCG) could be an option. Intra-
vesical BCG is familiar to urologists as safe and effective for administration even in immuno-
logically compromised patients with bladder cancer [15]. However, he did not undergo intra-
vesical BCG therapy because he needed further therapy for leukemia and did not show any 
evidence of recurrence of urothelial carcinoma for 24 months of close urological follow-up 
with cystoscopy and urine cytology. Since the immunosuppressive state continues in our 
case, he has still been at risk of bladder cancer relapse due to BK virus reactivation. We need 
to continue close follow-up with cystoscopy, urine cytology, and TURBT, as needed.

In conclusion, this could be the first report of BKVUC found in a patient with peripheral 
blood stem cell transplantation. BKVUC of the bladder is supposed to coexist with BK virus-
positive hemorrhagic cystitis and is likely to be an advanced cancer with poor prognosis. We 
need to identify patients with hemorrhagic cystitis at risk of BKVUC treated with immunosup-
pressive therapy. Our report highlights that adequate removal of bleeding lesions from the 
bladder mucosa during hemorrhagic cystitis could contribute to good outcomes of BKVUC of 
the balder.
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