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Abstract

Bladder malignancy in the kidney transplant recipient is
rare and compared with the general population tends to
be of high grade and have an aggressive clinical course.
In this report, we describe a case of urothelial carcinoma
developing in a kidney transplant recipient 6 years after the
diagnosis of polyomavirus nephropathy (PVN). BK virus
(BKV) DNA was identified in urine and serum by PCR. The
diffuse strong staining of SV40 T-antigen and p53 within
both the in situ and invasive carcinoma suggest that BKV
may play a role in the oncogenic pathway in this clinical
setting.
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Introduction

Cancer is second to cardiovascular disease as one of the ma-
jor causes of morbidity and mortality in kidney transplant
recipients [1-3]. An Australian and New Zealand (ANZ)
study showed a 3- to 5-fold increase in overall cancer inci-
dence (excluding non-melanoma skin cancer). The risk of
developing a neoplasm, skin neoplasms excluded, is ~15—
20% at 10 years, but the rate may rise to 40% at 20 years
[2]. Viral-related neoplasia appears to incur the greatest
risk when compared with the general population; malignan-
cies include those related to human papillomavirus (HPV)
(tongue, mouth, vulva, vagina, penis), Epstein Barr virus
(lymphoma), hepatitis B and C (hepatocellular carcinoma)
and human herpesvirus 8 (Kaposi’s sarcoma). In the ANZ
study, there was no excess post-transplantation risk for the
two most common cancers in the Australian population,
breast and prostate cancer [3]. Bladder malignancy in the
kidney transplant recipient is rare with only a limited num-
ber of reported cases [2,4-7]. Although the incidence of
bladder cancer in organ recipients appears to parallel the
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general population, the tumours are more likely to be high
grade with an aggressive clinical course and poor response
to chemotherapy.

Case report

A 46-year-old Asian man with chronic kidney failure
due to tuberculosis received a deceased donor kidney
transplant in February 2000. He received triple immuno-
suppressive therapy consisting of tacrolimus, mycophe-
nolate mofetil (MMF) and prednisolone. His subsequent
course was uneventful until 2 years post-transplantation
(February 2002) when a rise in serum creatinine to
2.1 mg/dL (190 umol/L) prompted a kidney biopsy. The
biopsy showed severe polyomavirus nephropathy (PVN)
stage B [8], and BK virus (BKV) DNA was identified
in urine and serum by PCR. Cyclosporin A and azathio-
prine were substituted for tacrolimus and MMF. Over the
following 6 years, creatinine was stable at 2.1-2.3 mg/dL
(190-200 umol/L); BKV DNA remained detectable in the
serum at fluctuating low levels of 422-570 copies/mL
(2.63-2.76 logo copies/mL) on the seven occasions when
it was measured over these 6 years. Regular urine cytology
was performed in the first 2 years following the diagno-
sis of PVN with no malignant cells seen. In May 2007,
urine examination showed a small number of red cells
(20 x 10° RBC/L) and in December 2007 urine exami-
nation showed 600 x 10° RBC/L. Subsequent urine cytol-
ogy revealed malignant cells; no definite ‘decoy cells’ were
seen. The patient was referred to a urologist, and during
cystoscopy urinary bladder biopsies were performed. These
showed a high-grade urothelial carcinoma with invasion of
the muscularis propria and a focal invasive micropapillary
pattern. On immunohistochemistry, the tumour showed dif-
fuse strong nuclear staining for Simian virus 40 (SV40)
T-antigen (T-Ag) and P53 in >90% of cells (Figure 1). No
normal mucosa was present.

The patient underwent cystectomy with ileal conduit for-
mation and removal of the left native kidney. Within the
cystectomy specimen, residual high-grade urothelial carci-
noma with invasion into perivesical fat and prominent lym-
phovascular space invasion was seen (Figure 2). The tumour
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Fig. 1. Transurethral biopsy of bladder tumour. Immunohistochemistry
shows diffuse strong positive nuclear staining of the invasive high-grade
urothelial carcinoma for SV40 T-antigen (A) and p53 (B) (original mag-
nification x 100).

showed a predominant invasive micropapillary pattern.
Elsewhere, the urothelium showed focal evidence of in situ
carcinoma (Figure 3). No polyomavirus nuclear changes
were evident in the non-malignant urothelium, and there
was no convincing cystitis. Diffuse strong expression of
SV40 T-Ag was seen in both the invasive and in situ car-
cinoma (Figure 3), whereas the non-malignant urothelium
and atrophic native kidney were negative. P53 also showed
diffuse strong nuclear staining in the malignant epithelium
in both the in situ and invasive tumour, exactly mirroring
the SV40 T-Ag staining (Figure 3).

Discussion

Urothelial carcinoma in the general population is more
common in men, with male-to-female ratio of 4:1, and has
its highest incidence in the sixth and seventh decades. The
majority of bladder tumours (~75%) are low-grade non-
invasive urothelial carcinomas that are usually controlled
by local resection; however, multiple recurrences are com-

Fig. 2. Cystectomy. The high-grade urothelial carcinoma shows a pre-
dominant invasive micropapillary pattern with infiltration through the
muscularis propria (M) into perivesical fat (F) (haematoxylin and eosin
(H&E), original magnification x 100).

Fig. 3. Cystectomy. In situ urothelial carcinoma (arrows) abuts non-
malignant urothelium (arrowheads) (H&E). Immunohistochemistry shows
strong positive nuclear staining of the in sifu carcinoma for both SV40
T-antigen (B) and p53 (C). Note that the non-malignant epithelium is
negative (original magnification x200).

mon [5]. In contrast, high-grade urothelial carcinomas are
more likely to be invasive and require radical surgery such
as complete cystectomy and ileal conduit. Following cystec-
tomy, 5-year survival for tumours invading the muscularis
is 40% and for tumours invading perivesical fat, 20% [5].
Arylamines, analgesics, schistosomiasis infection, smoking
and cyclophosphamide are known risk factors for bladder
cancer by causing prolonged local irritation of the mucosa
[5]. In the current case, there was no history of cyclophos-
phamide therapy.

Compared with the general population, the age of onset
of bladder cancers in the transplant recipient is younger
(average 44 years) with no male predominance [4-7]. The
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duration of immunosuppression to development of the
urothelial malignancy varies from 2 years to >10 years.
The majority of the earlier reported cases had received cy-
clophosphamide and azathioprine [4,5], but more recent
cases have occurred in patients with immunosuppressive
regimens including cyclosporine or tacrolimus and MMF
[6,7]. The majority of cases are invasive high-grade urothe-
lial carcinoma or squamous carcinoma. This could relate
to ongoing immunosuppression and susceptibility to onco-
genic viruses.

Studies have investigated possible roles for virus in
the aetiology of urothelial carcinoma. Some studies have
demonstrated a positive association between HPV and
urothelial cancer in humans [9,10]; however, others have
failed to confirm this [11]. The potential role of poly-
omaviruses in bladder cancer has also been investigated in
both humans and animal models [6,11,12]. Polyomaviruses
code for a non-structural protein, the large T-Ag, which
can bind to and inactivate tumour suppressor proteins p53
and pRB, resulting in aberrant cell cycle regulation [12].
Expression of T-Ag induces high-grade bladder tumours in
transgenic mice [12]. One study demonstrated a statisti-
cally significant association between polyomavirus infec-
tion and bladder cancer in a large series of patients [13]. In
addition, in an Italian series BKV sequences were reported
in 55% of 32 bladder tumours using PCR techniques [11].
However, other studies using identification of polyomavirus
DNA have failed to confirm an association of BKV with
urothelial carcinoma in the general population [14,15]. A
study using tissue microarrays of human bladder tumours
and immunohistochemical staining for SV40 T-Ag and p53
showed only very focal staining in occasional tumours [16].
It is important to note that all these studies looked at bladder
tumours in immunocompetent individuals.

Polyomaviruses include BKV, JC virus (JCV) and SV40.
BKYV infects 70% of the human population; primary in-
fection is in childhood and tends to be asymptomatic [17].
After the primary infection, the virus persists in latent form
primarily in the kidneys. Immunosuppression triggers viral
replication and in some instances disease. BKV is by far
the most common polyomavirus that causes kidney disease;
JCV and SV40 are rarely implicated [17]. PVN has only
emerged as a significant cause of kidney allograft dysfunc-
tion in the past 10 years. This is thought to relate to the
widespread use of newer more potent immunosuppressive
drugs including tacrolimus and MMEF. BK viraemia occurs
inup to 13% of kidney recipients and PVN inup to 8% [17].
The first case of PVN reported in Australia was published
by our group in 2003 [18] and is in fact the same patient we
now present with high-grade bladder carcinoma.

Prior to the diagnosis of bladder carcinoma, our patient
had a 6-year history of BKV infection who had presented
as kidney allograft dysfunction at 2 years post-transplant;
kidney transplant biopsy showed PVN stage B. With reduc-
tion in immunosuppression, his creatinine remained stable
at 2.1 mg/dL (190 umol/L) over several years; BKV DNA
remained detectable at low levels in the serum over this pe-
riod with BKV load 422-570 copies/mL (2.63-2.76 logy
copies/mL). There has been only one previous report of
urothelial carcinoma developing in a kidney transplant re-
cipient with a history of PVN [6]. This earlier report showed
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positive staining of the invasive urothelial carcinoma for
SV40 T-Ag and p53, whereas surrounding non-neoplastic
urothelium and stromal cells were negative. We have also
demonstrated strong expression of SV40 and P53 not only
in the invasive tumour but also within in situ urothelial
carcinoma in the cystectomy specimen in our patient. This
supports the proposal that in sifu carcinoma may repre-
sent an early stage in the progression to invasive urothelial
carcinoma and also suggests that BKV may play a role in
the oncogenic pathway in this clinical setting. However,
consideration should also be given to the possibility that
the virus is demonstrable in the tumour simply because
replicating cells provide a better milieu for BK'V replica-
tion than non-neoplastic cells (BKV depends exclusively on
host replication machinery to complete its own life cycle)
[19].

The bladder tumour in this case showed a predominantly
invasive micropapillary pattern. Micropapillary bladder
carcinoma is a rare variant of urothelial carcinoma with
a high incidence of lymphovascular space invasion [20,21].
Patients typically have high-stage disease and a poor clin-
ical outcome [20,21]. In the series of Maranchie et al.
[20], the micropapillary tumours were p53 negative on im-
munohistochemistry. This is in contrast to our case that
showed strong p53 positivity and perhaps suggests a dif-
ferent molecular pathway of oncogenesis in the setting of
BKYV infection.

The current case has been treated with radical surgery.
The kidney transplant has been preserved and the patient
receives ongoing immunosuppression with cyclosporine,
azathioprine and prednisolone. Serum creatinine has re-
mained stable over a period of 6 months. The high grade,
micropapillary phenotype and advanced stage of the tumour
are all poor prognostic indicators.

In conclusion, we report a case of bladder cancer de-
veloping 6 years after a diagnosis of PVN in a kidney
transplant recipient. PVN has only been recognized as a
complication of kidney transplantation in the last 10 years,
and time will tell whether it will emerge as a significant risk
factor for the subsequent development of bladder cancer in
this group. However, in the interim we would recommend
close surveillance with urine cytological examination and
possibly routine cystoscopy in these patients.
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