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SUMMARY
A man in his 70s with a complex medical history, 
including cadaveric renal transplant, presented with 
recurrent urinary tract infections. Investigation revealed 
recurrent urinary pathogens, including Enterobacter 
cloacae and persistent BK viruria. Cystoscopy revealed 
a pedunculated mass in the right posterior–lateral wall, 
inferior to the transplant urethral orifice, and biopsy of 
this mass showed invasive small cell carcinoma with a 
prominent adenocarcinoma component. The tumour was 
treated with complete transurethral resection followed 
by carboplatin, etoposide and radiation. Laboratory 
analysis of biopsied samples showed immunostaining 
and molecular evidence of BK virus DNA in the cancer 
cells. Follow-up cystoscopies have shown no recurrence 
of the cancer.

BACKGROUND
BK virus is a common polyomavirus that dispro-
portionately reactivates in transplant recipients and 
can cause nephropathy, allograft dysfunction or 
rejection, and rarely haemorrhagic cystitis. There 
is a growing body of cases reported in the litera-
ture showing an association between persistent BK 
viruria in transplant recipients and urothelial carci-
noma. Our clinical report is unique and provides 
the first description of small cell carcinoma with 
foci of adenocarcinoma of the bladder in the setting 
of persistent BK virus infection after solid organ 
transplantation.

Beyond offering this new association, we inves-
tigated for a possible mechanism of oncogenesis 
related to BK virus. We present immunohistological 
and molecular evidence from our patient’s tumour 
that aligns with this oncogenic mechanism. This 
represents the first compelling evidence for a role 
for BK virus in the pathogenesis of our patient’s 
unusual malignancy.

We wish to offer our experience to alert providers 
of patients with renal transplants of the potential 
neoplastic consequences of BK virus reactivation, 
that may become more prevalent with increasing 
utilisation of solid organ transplantation.

CASE PRESENTATION
A man in his 70s with hypertension, hyperlipi-
daemia, diabetes mellitus, diabetic neuropathy and 
end-stage diabetic renal disease initially received 
haemodialysis. He eventually underwent a cadav-
eric renal transplant and was placed on immuno-
suppressive therapy of mycophenolate 750 mg two 

times per day, tacrolimus 1 mg two times per day 
and leflunomide 10 mg once daily.

Post transplant, he suffered from recurrent bacte-
rial urinary tract infections (UTIs) with a variety of 
pathogens, predominantly Enterobacter cloacae. 
Urinary and plasma BK virus loads were as high 
as 5.0×108 copies/mL and 3.26×104 copies/mL 
respectively.

INVESTIGATIONS
His recurrent UTIs were investigated by cystos-
copy that revealed a pedunculated mass in the right 
posterior–lateral wall, inferior to the transplant 
urethral orifice. Biopsy of the resected tumour 
revealed invasive small cell carcinoma with a prom-
inent adenocarcinoma component (figure 1).

In the course of tumour staging, CT scans of the 
chest and abdomen and positron emission tomog-
raphy detected no evidence of malignant foci else-
where. However, the CT scan of the chest revealed 
a right upper lobe cavitary lesion. Bronchoscopic 
biopsy confirmed a non-invasive aspergilloma and 
no evidence of malignancy.

The bladder biopsy sample was fixed in 10% 
formalin, routinely processed and embedded, and 
stained by H&E.

Immunohistochemistry
An immunohistochemical (IHC) assay was 
performed by procedures that we have previously 
detailed,1 using a monoclonal antibody targeting 
the large T antigen (LTA) of SV40 polyomavirus 
(Calbiochem/EMD Milipore, https://www.emdmil-
lipore.com, clone PAb416). IHC was performed 
on 4 µm sections of the formalin-fixed, paraffin-
embedded (FFPE) biopsy tissue. The positive 
control consisted of FFPE cells infected with SV40 
polyomavirus.

Molecular analysis
DNA was extracted from the FFPE bladder biopsy 
tissue section using the QIAamp DNA Mini Kit 
(Qiagen, Valencia, California, USA) following the 
tissue extraction protocol. DNA sample was eval-
uated by a human polyomavirus-specific conven-
tional PCR assay targeting the VP2 gene using the 
High Fidelity PCR Kit (Roche Diagnostics, India-
napolis, Indiana, USA) and previously published 
primers.2

PCR amplicons were visualised by running on 
a 2% agarose gel containing ethidium bromide 
and the PCR amplicons were directly sequenced 
on a GenomeLab GeXP Genetic Analysis System 
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(AB SCIEX, LLC, Redwood City, California, USA). The search 
for homologies to known sequences was done using the Basic 
Local Alignment Search Tool at http://wwwncbinlmnihgov/
BLAST.

To evaluate the quality of DNA extracts and assess the level 
of fragmentation, we also tested the sample by a duplex human 
house-keeping genes PCR assay targeting the glyceraldehyde-3-
phosphate dehydrogenase and β-globin genes.3 4

Primer sequences for human polyomavirus PCR2:

BJS-FP GGG GAC CTA RTT GCY AST GT

BJS-RP GCA ASR GAT GCA AKT TSMAC

IUPAC ambiguity codes: R=AG; Y=CT; K=GT; S=CG; W=AT; M=AC

TREATMENT
He underwent complete transurethral resection of the bladder 
tumour followed by 2 cycles, at 3-week intervals, of carboplatin 
(170 mg), etoposide (3 consecutive days per cycle; 130 mg for 
1st cycle and 100 mg for 2nd cycle) and radiation. Treatment was 
limited to two cycles because of instability in renal function and 
severe neutropenia. Both were transient. Subsequent cystosco-
pies detected no recurrence of the tumour.

A wedge resection of the lung aspergilloma, discovered on 
staging, was performed due to haemoptysis.

To control the BK viruria, tacrolimus was switched to cyclo-
sporine 50 mg two times per day followed by further dosage 
adjustment. A decrease in viral load resulted with repeat concen-
trations of <500 copies/mL in the plasma. A timeline of events 
and associated BK viruria/viraemia is shown in figure 2.

OUTCOME AND FOLLOW-UP
Immunohistochemistry
Immunostaining was performed to investigate for the presence 
of BK virus in the bladder tumour. Although the underlying cells 
were distorted by crush artefact, IHC staining detected strong 
focal nuclear positivity of the LTA in the epithelium of the biop-
sied mass (figure 3).

Molecular analysis
DNA extracted from the FFPE bladder biopsy tissue specimen 
was positive by the human polyomavirus PCR assay. The sequence 
analysis of the 113 bp positive amplicon showed highest (99%) 
nucleotide sequence identities with BK polyomavirus (BKpV).

Clinical follow-up
Repeat surveillance cystoscopies detected no recurrence of his 
bladder malignancy over the next 3 years. Our patient remains 
well with greatly improved quality of life.

DISCUSSION
BKpV infects as much as 90% of the world’s population by 
adulthood.5 After initial infection, the virus typically persists 
asymptomatically in the kidney or urothelium of the bladder 
unless reactivated.6 With common immunosuppressive regimens, 
transplant recipients are particularly vulnerable to reactivation, 
which can cause haemorrhagic cystitis in bone marrow trans-
plant recipients and ureteral stenosis and interstitial nephritis in 
kidney transplant recipients, thus jeopardising the viability of the 
transplanted kidney.7 8 Less well-known associations of BKpV 
reactivation are the development of urothelial cancers.9

Even in the absence of BKpV, bladder cancer is threefold–
fourfold more common and more severe in patients with renal 
transplants, with rapid progression and poorer response to treat-
ment.5 7 However, this increased susceptibility to bladder cancer 
is even greater in the presence of polyomavirus. Liu et al showed 
that bladder carcinoma in patients with transplants with poly-
omavirus replication had a relative risk of 11.9 compared with 
transplant recipients without active virus (p=0.0014).10 Further 
study of six bladder tumours determined that the integration 
of BKpV generates heterogeneous tumour cell populations, 
possibly adding to metastatic potential.11

Compelling evidence supports the idea that BKpV has tumori-
genic potential. BK virus expresses an LTA, which inactivates two 
key tumour suppressor proteins, p53 and pRB.10 In the unique 
setting of immunosuppression, with viral reactivation and loss of 
immune checkpoints, the virus can potentially initiate unchecked 
cellular proliferation, promoting neoplasia.12 Furthermore, LTA 
from polyoma viruses closely related to BKpV has induced 
aggressive transitional cell carcinoma in transgenic mice, as well 
as extended proliferation of human fibroblasts in vitro.10 13 In 
fact, LTA expression and p53 inactivation are associated with 
high-grade aggressive urothelial carcinoma subtypes.14

A comparable oncogenic process is seen in the closely related 
Merkel cell polyomavirus (MCpV), which causes Merkel cell 
carcinoma. In this rare form of skin cancer, MCpV expresses 
LTA, which, combined with integration into the host cell 
genome, is able to induce unchecked cellular replication.9

Despite a plausible mechanism of oncogenesis, the presence 
of a causal relationship between BKpV infection and renouri-
nary carcinoma is still controversial. Perhaps, the strongest data 

Figure 1  H&E stains of bladder neoplasm (400×). Histologic features 
of small cell carcinoma (panel (A)) and adenocarcinoma (panel (B)) were 
both detected. Representative neoplastic cells are labelled (arrows).

Figure 2  Timeline of events. Eventual decline in BK viruria occurred 
with modification of our patient’s immunosuppressive regimen.

Figure 3  H&E stain (100×) of bladder mass biopsy from the area of 
polyoma immunostaining (panel (A)). Circled area corresponds to the 
area of immunohistochemical staining for polyoma virus (panel (B), 
100×). Positive staining of nuclei is shown with red arrows.
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to support causation in organ transplant recipients lies in 20 
well-documented renourinary cancers showing IHC evidence 
of BKpV with or without DNA evidence.9 However, these 
reports differ from the distinct histology of the patient’s tumour 
presented here.

Interestingly, several of these case reports documented posi-
tive IHC staining for LTA specifically in the tumours and not in 
the surrounding benign bladder.15 16 Crush artefact in our biop-
sied specimen limited our ability to clearly delineate the area 
expressing LTA by IHC and BKpV DNA by PCR (figure 2).

Most literature surrounding this topic has focused on transi-
tional cell cancer of the bladder, with a few case reports of BKpV-
associated renal cell carcinoma and collecting duct carcinoma.9 
While transitional cell cancer is by far the most common cause 
of bladder cancer, 0.5%–0.7% of primary bladder tumours are 
small cell carcinomas that are high grade and often aggressive.17

We have not found any reports of small cell carcinoma in the 
setting of BK virus reactivation. However, it is intriguing that 
extrapulmonary small cell carcinoma has occurred with MCpV 
infection, which bears pathogenic similarities to BKpV.18 19

This is the first documented case of small cell carcinoma with 
foci of adenocarcinoma of the bladder in the setting of persistent 
BKpV infection after solid organ transplants and also provides 
strong evidence implicating BK virus in the pathogenesis of the 
patient’s tumour. Although our patient had relatively high-grade 
BK viruria and had diagnosis of his malignancy within a year of 
his transplant (figure 2), it is unclear if the magnitude or dura-
tion of BK viruria are predictive variables for the time of onset 
of neoplasia. Our investigation not only detected BK virus anti-
gens within the tumour by immunohistochemistry, but also most 
notably detected viral DNA from the tumour sample, providing 
convincing evidence for a role for BK virus in the pathogen-
esis of bladder cancers in patients with transplants. We offer our 
experience to alert providers of patients with renal transplants 
to potentially serious, unforeseen neoplastic consequences of BK 
virus reactivation.

Patient’s perspective

Related to us by our patient: ‘I felt real good knowing that 
finding this out in me might help other people’.

Learning points

	► BK viruria is increasingly linked to cases of bladder cancer in 
recipients with renal transplant.

	► Although associated with urothelial carcinoma, our patient’s 
course exemplifies association of BK viruria with small cell 
carcinoma and adenocarcinoma of the bladder.

	► Our experience highlights the potential neoplastic 
consequences of BK virus reactivation in the setting of solid 
organ transplantation.

	► Providers for patients with solid organ transplants with 
persistent BK viruria should maintain a low threshold for 
investigation of bladder malignancies.
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