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Introduction
BK virus (BKV)-related haemorrhagic cystitis 
(HC) is a well-recognised and significant com-
plication that affects haematopoietic stem cell 
transplantation (HSCT) recipients.1–4 Apart 
from increasing the risk of death, BKV-HC 
increases the morbidity of HSCT recipients, 
prolongs their hospital stay, and increases 
healthcare costs.5 There is a paucity of definite 
preventive and therapeutic interventions for 
BKV-HC. The available therapeutic strategies 

for this clinical entity have yielded variable 
 efficacy in different studies.

Considering the significant morbidity and mor-
tality associated with BKV-related HC, there is a 
compelling need to explore novel drugs aimed at 
new therapeutic targets and optimise the available 
treatment options.

In this review, we attempt to provide an up-to-
date review of the management strategies for 
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BKV-related HC with a focus on novel strategies 
which have demonstrated encouraging results in 
recent years.

Epidemiology and risk factors for  
BKV-related HC
BK polyomavirus is a non-enveloped DNA 
virus that has a high seroprevalance in the gen-
eral population.6 It is the predominant cause 
of HC and nephropathy in HSCT recipients 
and renal transplant recipients, respectively. 
Rarely, BKV can manifest as renal dysfunction 
in allogeneic HSCT recipients without causing 
HC.7

The reported incidence of post-HSCT BKV-
related HC is highly variable among adults (7–
54%) and children (8–25%).8–10 Although the 
frequency and pattern of BK viruria is compara-
ble after autologous and allogeneic HSCT, BKV-
related HC is specifically observed in allogeneic 
HSCT recipients. It has been suggested that 
rather than BK viruria per se, it is the allo- 
immunity that plays the most crucial role in the 
pathogenesis of BKV-related HC, especially in 
the setting of graft versus host disease (GVHD).11,12 
Recent studies have reported a sharp rise in the 
incidence of BKV-related HC among allogeneic 
HSCT recipients with haploidentical donors. 
These patients generally receive post-transplant 
cyclophosphamide (PTCy) as part of GVHD 
prophylaxis.13,14 It has been postulated that PTCy 
use as GVHD prophylaxis contributes to BKV-
related HC by two mechanisms. Firstly, it directly 
causes injury to bladder mucosa, regardless of the 
BKV involvement. Secondly, the delayed T-cell 
reconstitution observed after PTCy leads to pau-
city of BKV-specific T-cells in circulation, which 
favours BKV replication due to a lack of immune 
surveillance.15,16

The risk factors associated with BKV-related 
HC can be broadly classified into three main 
groups – patient-related, transplant-related and 
virus-related.17,18

 • patient-related: age, cytopenias
 • transplant-related: unrelated donor, stem 

cell source, myeloablative conditioning, 
GVHD, CMV seropositivity

 • virus-related: high level of BKV viruria and/
or viremia.

Pathogenesis of BKV-related HC
Primary infection with BKV, which generally 
occurs in early childhood, is either asymptomatic 
or may have symptoms indistinguishable from 
other acute viral illnesses.19 BKV remains in a 
latent form in the urothelial cells of immunocom-
petent individuals. Three distinct phases have 
been proposed in the development of BKV-
related HC among HSCT recipients. Firstly, the 
direct injury to bladder mucosa is caused by vari-
ous components of the conditioning regimen. 
Thereafter, the reactivation of latent BKV gets 
triggered in urothelial cells, which is also favoured 
by the ongoing immunosuppression. This is 
reflected by the enhanced shedding of BKV in 
urine. Finally, the immune reconstitution after 
engraftment initiates the immune-mediated 
urothelial injury that ultimately culminates in 
HC.20

Clinical manifestations, diagnosis and 
natural history of BKV-related HC
The timing of HC after HSCT is crucial in deter-
mining the underlying aetiology. ‘Early-onset’ 
HC observed in the initial 2 weeks is caused by 
the urothelial damage from constituents of condi-
tioning regimens like alkylating agents (cyclo-
phosphamide, busulfan) and total body 
irradiation.17 BKV-related HC usually manifests 
in the post-engraftment period and its onset may 
vary from 2 weeks to 6 months after HSCT. 
Rarely, adenovirus infection may give rise to late-
onset HC that may have clinical features similar 
to BKV-related HC.21 It is essential to adopt a 
systematic approach towards evaluation of hae-
maturia in allogeneic HSCT recipients as distinct 
underlying aetiologies can give rise to this serious 
complication (Figure 1).

The clinical features of BKV-related HC can be 
broadly divided into two groups – irritative syn-
drome and obstructive syndrome. The irritative 
syndrome is characterised by the lower urinary 
tract symptoms like burning micturition, painful 
micturition, dysuria, pelvic pain, etc. In contrast, 
the obstructive syndrome is characterised by uri-
nary obstruction due to bladder involvement that 
ultimately leads to renal impairment by causing 
tubulo-interstitial nephritis.22

Bedi et al. described the grading for haematuria as 
following:
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Grade 1 – microscopic haematuria
Grade 2 – macroscopic haematuria
Grade 3 – macroscopic haematuria with clots
Grade 4 – macroscopic haematuria with clots and 
renal dysfunction due to urinary obstruction.23

As per The European Conference on Infections in 
Leukemia guidelines, the ‘diagnostic triad’ of 
BKV-related HC is constituted by the presence of 
clinical features of cystitis, grade 2 or more hae-
maturia, and BKV viruria ⩾7 log10/mL.17

The supportive measures and medical interven-
tions often fail in patients with grades 3 and 4 BKV-
related HC. Such patients require a more aggressive 
management, preferably with a combined modality 
approach, for attaining favourable outcomes.17

Role of BKV monitoring in blood and urine
A high prevalence of ‘asymptomatic’ BKV viruria 
in HSCT recipients has been reported by multi-
ple studies but only a subset of these patients 
develop symptomatic HC.23,24 The patients 
exhibiting high-level BKV viruria, defined as uri-
nary viral load >7 log10 genome equivalents 
(gEq)/mL, are considered more vulnerable for 
manifesting symptomatic BKV-related HC.25 
Approximately two-thirds of patients have a high 
plasma viral load (>3–4 log10 copies/mL), which 
generally precedes the onset of clinical features. 
The decline in plasma viral load coincides with 
the clinical improvement in these patients.26,27

Cesaro et al. prospectively studied the association 
of urine and plasma BKV viral loads with clinical 
outcomes among paediatric HSCT recipients. 
The thresholds of BKV urine and blood viral 
loads with maximum sensitivity and specificity for 
HC were >107 gEq/mL (sensitivity 86% and 
specificity 60%) and >103 gEq/mL (sensitivity 
100% and specificity 86%), respectively.28

A discordant relationship between clinical 
improvement and the trajectory of BK viral loads 
in urine and plasma has been reported among 
patients who receive various therapeutic interven-
tions.29,30 The persistence of BK viral shedding in 
urine has been observed in up to 80% of patients 
despite clinical improvement.31 In a recent study, 
half of the patients continued to have BK viruria, 
despite attaining clinical benefit and a reduction 
in BK viremia with cidofovir.29

Laskin et al. studied the natural history of BKV in 
paediatric and adult HSCT recipients.18 The 
authors reported that asymptomatic high BK 
viremia (⩾104 copies/mL) in the initial 3 months 
was significantly associated with all-cause mortal-
ity (adjusted HR 2.2; 95% CI 1.1–4.2) and renal 
dysfunction at 2 years after HSCT. On the basis 
of these findings, the authors suggest that apart 
from symptomatic patients, there may be a role of 
screening for BKV viruria and viremia in asymp-
tomatic HSCT recipients. In that study, instead 
of cidofovir exposure, BKV viral clearance was 
significantly associated with the immune recon-
stitution with recovery of endogenous BKV-
specific T-lymphocytes. These findings support 
the potential role of cellular immunotherapy with 
BKV-specific T-lymphocytes to the treat BKV-
related HC in future.

Overall, the use of BKV viremia or viruria as a 
screening tool for HC has yielded variable results 
among adults as well as paediatric patients, and 
therefore their clinical utility is uncertain.28,32,33 
As per the ECIL-6 guidelines, the routine moni-
toring with plasma BKV viral load among alloge-
neic HSCT recipients is not recommended.17

Preventive measures

Hyperhydration with or without mesna
Intravenous hyperhydration with or without 
mesna minimises the exposure of the bladder 

Figure 1. Approach to haematuria in an allogeneic 
HSCT recipient while considering BK virus-related 
cystitis.
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mucosa to the alkylating agents and their toxic 
metabolites. Although the role of mesna has been 
mainly described for the prevention of condition-
ing regimen-related early HC, recent studies 
have suggested its potential preventive role in 
patients receiving PTCy-based haploidentical 
HSCT. Jaiswal et  al. prospectively evaluated 
patients receiving PTCy-based haploidentical 
HSCT who were given continuous mesna infu-
sion as HC prophylaxis.34 None of their patients 
developed early HC and the incidence of high 
BK viruria (⩾104 copies/mL) with HC was 5.4% 
at 30 days. The lesser incidence of BKV-related 
HC in this study was attributed to enhanced 
urothelial protection with continuous mesna 
infusion which probably reduced the magnitude 
of the first hit in the pathogenesis of BKV-related 
HC.34 There is no clear consensus on the optimal 
dosing schedule for mesna administration in 
HSCT recipients receiving PTCy-based GVHD 
prophylaxis. Intermittent mesna dosing sched-
ules have not proved to be beneficial in reducing 
the incidence of HC among allogeneic HSCT 
recipients.23 In a recent study by Arango and 
Cardona the continuous infusion of mesna was 
found to be more useful than recurrent bolus 
administration in preventing HC among haploi-
dentical HSCT recipients receiving PTCy as 
GVHD prophylaxis.35 It is expected that the use 
of PTCy as GVHD prophylaxis will increase in 
future for both haploidentical and full-matched 
donor HSCTs. Strategies focussed at minimising 
urothelial damage from PTCy may have a poten-
tial role in reducing the subsequent development 
of BKV-related HC in these patients.

Fluoroquinolones
There is limited evidence in favour of ciprofloxa-
cin as a prophylaxis against BKV-related HC. 
Despite in vitro studies supporting its inhibitory 
action on BKV replication, then use of ciprofloxa-
cin as a prophylactic intervention against BKV 
has yielded conflicting results. Its prolonged use 
in the setting of allogeneic HSCT can possibly 
give rise to antimicrobial resistance.36 Alteration 
in gut microbiota due to ciprofloxacin may also 
potentially affect transplant outcomes. The 
increased risk of Clostridium difficile infection is 
another drawback with fluoroquinolone use.

General supportive measures
Supportive measures for the management of 
BKV-related HC have been the standard of care 
for the past few years (Figure 2). BKV-related 
HC is often associated with intense pain. 
Antispasmodic agents such as tolterodine and 
oxybutynin relieve pain by reducing bladder 
spasms. Urinary analgesics such as phenazopyri-
dine (pyridium) have some role in relieving the 
symptoms arising from irritation of lower urinary 
tract mucosa. Patients with high-grade HC 
require parenteral opioid analgesics (morphine, 
fentanyl, tramadol, etc.) for pain relief.37 The 
application of transdermal patches containing 
opioid analgesics (e.g. fentanyl, buprenorphine) 
may also be considered. Aggressive intravenous 
hydration with normal saline is essential for the 
clearance of haematuria. Forced diuresis with 
furosemide is indicated for patients with low urine 
output. Continuous bladder irrigation (CBI) with 
cold normal saline after placing a three-way cath-
eter is often required for patients with high-grade 
HC. Simultaneous placement of a suprapubic 
catheter may be required when CBI is not possi-
ble due to frequent obstruction of the urinary 
catheter.38 The achievement and maintenance of 
a platelet count ⩾50,000/µL has been shown to 
be beneficial in decreasing the severity of haema-
turia in BKV-related HC patients. The transfu-
sion of packed RBCs to maintain haemoglobin 
⩾8 g/dL is essential.39 The reduction or cessation 
of immunosuppression will be considered as an 
attempt to augment anti-BKV immunity. 
However, the decision regarding the same may 
not be straightforward. There is always a substan-
tial risk of precipitation or aggravation of ongoing 
GVHD when immunosuppression is tapered in 

Figure 2. Approach to a confirmed BKV-related HC in 
an allogeneic HSCT recipient.
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allogeneic HSCT recipients.17 The use of fibrino-
lytic drugs is contraindicated in these patients to 
prevent the formation of clots which may precipi-
tate urinary obstruction.

Treatment

Systemic therapy
Multiple therapeutic approaches have been used 
for the management of BKV-related HC with 
variable results across the studies. There are note-
worthy caveats that should be kept in mind while 
interpreting the literature pertaining to BKV-
related HC therapy.40

 • The majority of the supporting literature 
for anti-BKV therapies is in the form of 
small case series and case reports. It is pos-
sible that due to publication bias there 
might be over-reporting of positive out-
comes. There is a scarcity of prospective 
high-quality evidence to guide the treat-
ment of BKV-related HC.

 • It is difficult to make comparisons across 
the studies due to considerable heterogene-
ity in terms of study population, severity of 
HC among the patients included, and the 
definitions for clinical and virological 
response. The consensus on the definition 
for refractory BKV-related HC is also not 
clear.

 • The evidence for optimal timing and 
sequencing of available treatment options is 
limited.

 • Many studies have included grades 1 and 2 
HC patients who could have possibly 
responded to general supportive measures 
alone, rather than any specific treatment.

 • BKV infection is unaffected by the com-
monly used antiviral drugs such as ganci-
clovir, valganciclovir, ribavirin and 
foscarnet.

 • Successful treatment outcomes have been 
reported among patients who have been 
given other BKV-specific therapies, either 
concomitantly or sequentially. Hence, it is 
difficult to ascertain the exact clinical ben-
efit attributable to each one of them.

 • The broader applicability of some of the 
treatment alternatives will be limited by 
their high cost, limited availability, peculiar 
complications and limited experience.

Fluoroquinolones
Ciprofloxacin and levofloxacin have been some of 
the earliest agents that were used for the manage-
ment of BKV-related HC. It is believed that fluo-
roquinolones restrict viral replication in the 
urothelial cells through the inhibition of topoi-
somerase enzyme.41 Some studies have shown a 
reduction in BK viruria and viremia with the use of 
fluoroquinolones.42,43 However, there is no clear 
evidence to suggest whether it translates into a 
clinical improvement. Their effectiveness has not 
been evaluated in clinical trials and their role in the 
management of BKV-related HC is doubtful.17

Intravenous cidofovir
Cidofovir is a broad-spectrum antiviral drug that 
has been most extensively used in this setting. It is 
an analogue of cytosine nucleotide and its use as 
an intravenous injection with probenecid in dif-
ferent dosing schedules (0.5–5 mg/kg weekly) has 
yielded variable clinical and viral response rates. 
The response rate observed across retrospective 
case series varies from 60% to 86%.40,44,45 Renal 
dysfunction is the main adverse effect observed 
with intravenous cidofovir, with reported inci-
dences of up to 50%.44 Grades 3 and 4 BKV-
related HC warrant treatment with cidofovir till 
clinical response or a maximum of 4 weeks. In a 
recent retrospective study from Canada, at least a 
partial response was observed in nearly two-thirds 
of the patients who had severe (grades 3 or 4) 
BKV-related HC, with comparable results among 
patients receiving intravenous or intravesical 
cidofovir, and one-third achieved complete 
response. Renal toxicity was observed in one-
third of the patients, and it was observed regard-
less of the mode of administration (intravenous 
versus intravesical).29 Recently, comparable 
results with low-dose cidofovir (0.5–1.0 mg/kg 
weekly) without probenecid have been reported.

Considering the available literature, it can be con-
cluded that the optimal dosing schedule, route of 
administration and timing for the administration of 
cidofovir in BKV-related HC patients are yet to be 
defined. Larger multicentre prospective studies with 
cidofovir are needed to answer these questions.

Brincidofovir
Brincidofovir (CMX001), a prodrug of cidofovir, 
is a broad-spectrum antiviral drug. It is an oral 
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drug that has shown in vitro activity against various 
double-stranded DNA viruses including BKV, and 
it rarely causes renal dysfunction.46 The anecdotal 
reports support its efficacy in BKV-related 
nephropathy after allogeneic HSCT.47,48 However, 
its limited availability and insufficient data on its 
efficacy in BKV-related HC make brincidofovir 
less preferable for BKV-related HC.

Hyperbaric oxygen therapy
Hyperbaric oxygen therapy (HBOT) involves the 
supplementation of nearly 100% oxygen to the 
patient in a high-pressure chamber usually for 
1.5–2 h. HBOT has shown effectiveness in facili-
tating wound healing among patients with necro-
tising infections, burns, radiation injuries, etc. As 
an adjunctive treatment, HBOT administration 
to BKV-related HC patients results in the genera-
tion of oxygen gradient between healthy tissues 
and damaged urothelium that attracts mac-
rophages to the damaged urothelial mucosa. 
Local secretion of cytokines, upregulation of 
fibroblast growth factor (FGF), vascular endothe-
lium-derived growth factor (VEGF) and down-
regulation of nitric oxide (NO) promotes 
vasoconstriction, angiogenesis, and urothelial 
repair.49,50 Savva-Bordalo et al. described clinical 
resolution with HBOT in 15 out of 16 patients 
(94%) with refractory BKV-related HC.51 The 
growing body of evidence and overall safety 
favour HBOT as adjunctive treatment among 
BKV-related HC patients.

Leflunomide
Leflunomide is a pyrimidine synthesis inhibitor that 
has been used for BKV-related post-transplant 
infections by virtue of its ability to disrupt BKV rep-
lication and virion assembly in preclinical studies.52 
Contrary to its use for BKV-associated nephropathy 
in renal transplant recipients, there are limited stud-
ies on leflunomide in BKV-related HC among 
HSCT recipients, with approximately 50% of 
patients attaining complete response.53,54 Chen 
et al. reported a 50% complete response rate and a 
35.7% partial response rate with leflunomide in a 
case series of 14 patients.53 The use of leflunomide 
was well tolerated in these patients and no progres-
sion of GVHD was observed during the study. Park 
et al. reported a 50% complete response with leflu-
nomide in four severe BKV-related HC patients, 
without substantial gastrointestinal adverse events 
or cytopenias.55

Cellular immunotherapy
The therapeutic use of T-lymphocytes, derived 
from the original donor (donor lymphocyte infu-
sion (DLI)) or healthy seropositive individuals, for 
post-transplant complications related to viral 
infections has been explored in the recent past. 
There is growing literature that supports the util-
ity of cellular immunotherapy in BKV-related HC 
patients. In a case report, the benefit of DLI was 
described in an allogeneic HSCT recipient who 
had developed refractory BKV-related HC and 
nephropathy after matched unrelated donor 
(MUD) transplant.56 The authors attributed the 
clinical improvement to the expansion of BKV-
specific T-cells after DLI. Given the substantial 
risk of GVHD, the use of DLI for the manage-
ment of post-transplant infections is often consid-
ered controversial and is reserved for refractory 
cases.57 To overcome the risk of GVHD, virus-
specific cytotoxic T-lymphocytes (CTLs) have 
lately been studied as therapeutic tools against 
post-transplant BKV infections. Two studies have 
reported the safety and efficacy of such ‘adoptively 
transferred’ CTLs in BKV-related HC patients. 
In a phase II study, Tzannou et al. reported a 92% 
cumulative clinical response rate with single infu-
sion of ‘off-the-shelf’ CTLs among patients who 
had failed at least two prior lines of conventional 
treatment.58 These CTLs were demonstrated to 
have functional persistence till 12 weeks.58 
Papadopoulou et  al. reported a 94% sustained 
clinical and virological response with adoptive 
transfer of virus-specific CTLs among allogeneic 
HSCT recipients who had evidence of multiple 
concomitant viral infections. Six out of seven 
BKV-related HC patients attained clinical benefit 
with virus-specific CTLs.59 With the improve-
ment in the available technology, it is anticipated 
that adoptive cellular therapies will become more 
affordable and improve the treatment of post-
transplant viral infections, including BKV.60

Mesenchymal stromal cells
Mesenchymal stromal cells (MSCs) isolated from 
umbilical cord blood have been used as one of the 
treatment modalities for severe BKV-related HC. 
It has been hypothesised that their potential for 
self-renewal and differentiation enables them to 
repair the inflamed and injured bladder mucosa 
following intravenous infusion.61 Tong et  al. 
recently reported a remarkable clinical response 
among all 13 paediatric patients (100%) who 
were treated with intravenous infusion of MSCs 
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derived from umbilical cord blood, without any 
significant toxicity.62 These patients exhibited 
similar overall survival and GVHD incidence 
compared to those who did not receive MSCs.62

Other agents
Vidarabine. Vidarabine is a purine analogue that 
restricts BKV replication via the inhibition of 
viral DNA polymerase. It use as a parenteral drug 
in the setting of BKV-related HC has been 
described in the form of case reports.63,64 Its anti-
viral activity against BKV has not yet been con-
firmed and there are no published reports on this 
molecule in the past 20 years.

Oestrogens. Anecdotal reports support the pro-
tective effect of oestrogens on bladder mucosa in 
BKV-related HC patients, possibly via exerting a 
stabilising effect on bladder microvasculature.65

Clotting factors. The off-label use of recombinant 
clotting factor concentrates, including factors 
XIII and VII, has been described in case reports 
and small case series.66,67 The authors have sug-
gested that these clotting factors facilitate the 
mucosal recovery through stabilisation of the 
fibrin clot. They indirectly promote fibroblast 
proliferation and collagen synthesis. Their role in 
this setting is restricted by limited availability, 
high cost and doubtful efficacy.

Intravenous immunoglobulin. The clinical use of 
intravenous immunoglobulin (IVIG) for BKV-
related HC has been described by Aldiwani et al. 
in a paediatric patient who also received concomi-
tant intravenous ciprofloxacin.40 IVIG use was 
possibly inspired by the fact that IVIG prepara-
tions contain antibodies against a wide variety of 
viruses, including BKV.40 The guidelines do not 
recommend the use of IVIG in the management 
of BKV-related HC.17

Keratinocyte growth factor. Palifermin, a recombi-
nant keratinocyte growth factor (KGF), has been 
used occasionally as a salvage therapy in combination 
with other treatment options for refractory grade 3 or 
4 BKV-related HC. Its use is based on the premise 
that KGF promotes urothelial cell proliferation and 
repair.68,69 Despite a favourable safety profile and 
ease of administration, its high cost and restricted 
availability make it unsuitable as a rescue agent.

Intravesical therapy

Cidofovir
The use of intravesical cidofovir has been studied in 
BKV-related HC with the intention to obviate its 
nephrotoxic effects. Its use at a 2.5–5 mg/kg weekly 
dose in small case series has provided variable clini-
cal and virological response rates, ranging from 0 to 
100%.70 In a recent retrospective study, it yielded 
comparable response rates to intravenous cidofovir 
(62% versus 66%).29 Contrary to conventional 
belief, this study also reported a higher incidence of 
renal dysfunction with intravesical cidofovir (33%). 
Bladder spasm and local discomfort are the com-
monly reported adverse effects with intravesical 
cidofovir. Recently, Tooker et al. reported a 88% 
clinical response in the largest series of BKV-related 
HC patients (n = 33) who were treated with intra-
vesical cidofovir.70 Greater baseline urine BK viral 
load (>100 million copies/mL) and HC severity 
(grades 2–4) predicted inferior response to intra-
vesical therapy.70

Fibrin glue
The endoscopic application of fibrin glue (FG) 
for the management of refractory BKV-related 
HC has been studied with encouraging results. 
Tirindelli et al. reported the largest study on the 
clinical utility of plasma-derived FG in 35 adult 
patients with severe refractory BKV-related HC.71 
Complete clinical response was achieved by 29 
out of 35 patients at day 14 of therapy and the 
overall survival of these patients was comparable 
to those allogeneic HSCT recipients who did not 
develop HC.71–73

Platelet-rich plasma
Platelet-rich plasma (PRP), also known as autolo-
gous platelet gel, is a leukocyte-free suspension of 
the patient’s own platelets in plasma. The various 
growth factors secreted by the platelets present in 
PRP [such as platelet-derived growth factor 
(PDGF), vascular endothelial growth factor 
(VEGF) and transforming growth factor-β  
(TGF-β)] and the plasma proteins (such as fibrin 
and fibronectin) are believed to expedite repair 
across various tissues in the body. Recently, 
Masieri et al. reported their experience with intra-
vesical PRP in 10 allogeneic HSCT recipients with 
refractory grades 3 or 4 HC.74
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Formalin
Exposure of the bladder mucosa to formalin 
causes the precipitation of proteins which facili-
tates bleeding cessation. However, it leads to 
exacerbation of suprapubic pain, bladder scarring 
and subsequently bladder contractures that sub-
sequently result in vesico-ureteric reflux.75 The 
literature pertaining to intravesical formalin use 
for BKV-related HC is limited to case reports and 
it is generally reserved for refractory patients with 
intractable symptoms.39

Alum
Intravesical alum application also causes the 
precipitation of cellular proteins that have a hae-
mostatic effect on bladder mucosa. Its use in 
BKV-related HC has been inspired by its effi-
cacy in radiation-induced HC cases. Neurological 
complications may arise from the systemic 
absorption of alum.76 Patients with pre-existing 
renal failure have a higher risk of aluminium 
toxicity.4

Prostaglandins
Intravesical prostaglandin E2 (PGE2) has been 
used in the past and it is believed that prostaglan-
dins cause bleeding cessation through the stimula-
tion of platelet aggregation and vasoconstriction.77

Surgical treatment

Selective vesical artery embolisation
Selective vesical artery embolisation has been 
studied in a limited number of refractory BKV-
related HC patients where it was successful in 
stopping the ongoing bleed.78 Recent results with 
the selective embolisation of vesical arteries sug-
gest a 80% response rate in patients with refrac-
tory HC.79 The potential complications with this 
procedure include urinary bladder necrosis, glu-
teal paresis and skin necrosis.

Supravesical urinary diversion
Urinary diversion by bilateral percutaneous 
nephrostomy possibly protects the injured bladder 
mucosa from the detrimental effects of urokinase 
and bladder distension which might hamper clot 
formation and urothelial repair.80

Cystectomy
The surgical removal of the bladder is generally 
reserved as a last-ditch effort for refractory cases 
because most of these patients are severely immu-
nosuppressed and have cytopenias. There are 
only a few published case reports on favourable 
outcomes with cystectomy.81

Therapeutic advances
As the understanding regarding the pathogen-
esis of BKV-related HC is evolving, new 
potential therapeutic targets are expected to 
emerge.

Recently, Schneidewind et al. reported the success-
ful use of an innovative three-dimensional (3D) 
organotypic cell culture model for studying BKV 
life cycle. Such culture methods will highlight the 
interactions between BKV and human urothelial 
cells which might unveil the unknown nuances 
associated with BKV pathogenesis. Furthermore, 
they might facilitate the in vitro testing of antiviral 
drugs against new potential therapeutic targets.82

In a recent experimental study, a novel 3D cell cul-
ture approach was used to study BKV pathogenesis 
and potential new therapeutic targets. The results 
favoured the involvement of the STAT3 pathway in 
the pathogenesis of BKV infection, and IL-11 was 
recognised as the potential therapeutic target. The 
utilisation of antibody against IL-11 showed prom-
ising in vitro activity against BKV. Although tocili-
zumab (an anti-IL-6 antibody) did not yield 
significant results in this study, its role in the treat-
ment of BKV infection will need detailed further 
exploration, as IL-6 is an important component of 
the STAT3 pathway.83 Likewise, it may be expected 
that further experimental studies focussed on the 
STAT3 pathway in BKV infection might unveil 
more potential therapeutic targets.

Conclusion
The management of BKV-related HC among 
HSCT recipients is a challenging task for clini-
cians. It is anticipated that the number of such 
patients will increase in future with the overall 
increase in HSCT recipients globally. Development 
of this significant complication poses a potential 
threat to the survival and successful outcome of 
HSCT among affected patients. Due to a lack of 
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robust high-quality data, there is no accepted 
standard of care for the prevention and treatment 
of this entity. The focus of research is gradually 
shifting from conventional treatment strategies 
towards novel strategies such as cellular immuno-
therapy with CTLs, and MSCs. The preliminary 
experience with such novel cellular therapies is 
encouraging. With a better understanding of the 
underlying pathophysiology, it is likely that new 
therapeutic targets might emerge in future which 
will completely transform the treatment of BKV-
related HC.
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