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Background
Hemorrhagic cystitis is a common cause of morbidity after allogeneic stem cell transplantation,
frequently associated with BK virus infection. We hypothesized that patients with positive BK
viruria before unrelated or mismatched related donor allogeneic hematopoietic stem cell trans-
plantation have a higher incidence of hemorrhagic cystitis. 

Design and Methods
To test this hypothesis, we prospectively studied 209 patients (median age 49 years, range 19-
71) with hematologic malignancies who received bone marrow (n=78), peripheral blood
(n=108) or umbilical cord blood (n=23) allogeneic hematopoietic stem cell transplantation after
myeloablative (n=110) or reduced intensity conditioning (n=99). Donors were unrelated
(n=201) or haploidentical related (n=8). 

Results
Twenty-five patients developed hemorrhagic cystitis. Pre-transplant BK viruria detected by
quantitative PCR was positive in 96 patients. The one-year cumulative incidence of hemor-
rhagic cystitis was 16% in the PCR-positive group versus 9% in the PCR-negative group
(P=0.1). The use of umbilical cord blood or a haploidentical donor was the only significant pre-
dictor of the incidence of hemorrhagic cystitis on univariate analysis. There was also a trend
for a higher incidence after myeloablative conditioning. Multivariate analysis showed that
patients who had a positive PCR pre-transplant and received haploidentical or cord blood grafts
with myeloablative conditioning had a significantly higher risk of developing hemorrhagic cys-
titis (58%) than all other recipients (7%, P<0.001). 

Conclusions
Hemorrhagic cystitis is the result of a complex interaction of donor type, preparative regimen
intensity, and BK viruria.
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Introduction

Hemorrhagic cystitis (HC) is often a serious complica-
tion of renal and hematopoietic stem cell transplants
(HSCT), with the potential to cause significant morbidi-
ty.1-3 It occurs in up to 70% of hematopoietic stem cell
transplant recipients and is associated with prolonged
hospitalization.4,5 Early bleeding (occurring 24-72 hours
after transplant) is usually ascribed to toxic effects of
drugs, while late occurring cystitis is multifactorial.4-8

Reported predisposing factors include allogeneic trans-
plant, advanced age at transplantation, possibly graft-ver-
sus-host disease (GVHD), thrombocytopenia, coagulopa-
thy and viral infections (polyoma BK virus, cytome -
galovirus and adenovirus). Non-chemotherapy induced
hemorrhagic cystitis is usually documented later after
hematopoietic stem cell transplants (more than two
weeks in the allogeneic setting).9-13

Polyomavirus hominis 1 (genus Polyomaviridae), the BK
virus, is a non-encapsulated DNA virus that is highly
prevalent in healthy adults with up to 90% seropositivi-
ty. Transmission is believed to occur via the respiratory
tract, especially during early-childhood years. Infection is
usually asymptomatic or may be associated with fever
and mild upper respiratory symptoms.10,11,14 After first
infection, polyomavirus can be latent in the kidneys,
urothelium, and other organs, and may reactivate during
immunosuppression. BK virus infection has been con-
nected with development of hemorrhagic cystitis after
allogeneic transplant, but most studies detected the virus
at the time of bleeding, therefore not allowing the risk
imposed by asymptomatic infection to be estimated.7,15

We have shown that hemorrhagic cystitis is more like-
ly to occur in unrelated than in related-donor hematopoi-
etic stem cell transplants,16 and in this analysis we focused
on patients receiving unrelated or mismatched haploiden-
tical related hematopoietic stem cell transplants. Here we
postulated that a positive BK viruria documented by PCR
prior to transplant would increase the risk of hemorrhag-
ic cystitis in recipients of unrelated or haploidentical
transplants. Because of poorer immune reconstitution, we
also hypothesized that recipients of cord blood and hap-
loidentical transplants would have a higher incidence of
hemorrhagic cystitis than recipients of unrelated donor
transplants, and prospectively investigated these
hypotheses in a cohort of such patients transplanted in
our institution.

Design and Methods 

Patient and treatment characteristics
The study cohort includes 80% of all adult patients who

underwent allogeneic hematopoietic stem cell transplants using
an unrelated, haploidentical related, or unrelated cord blood
donor at The University of Texas MD Anderson Cancer Center
(UTMDACC) from September 2005 to September 2007 (n=209).
Patients were excluded due to unavailability of baseline or trans-
plant day 30 samples, early death (within the first 30 days after
transplant) or if undergoing a second transplant. Data regarding
treatment outcomes were prospectively collected in the depart-
ment database. Patients were monitored for signs and symp-
toms of hemorrhagic cystitis on a daily basis during the initial
admission for hematopoietic stem cell transplant, then twice
weekly after discharge until approximately 100 days after trans-

plant. The retrospective data review was approved by the insti-
tutional review board at the UTMDACC. 

Patient and treatment characteristics are presented in Table 1.
Most patients received unrelated bone marrow or peripheral
blood stem cell transplants (85%), after a myeloablative or
reduced intensity conditioning regimen in 52% and 48% of the
cases, respectively. Graft versus host disease prophylaxis consist-
ed of tacrolimus in combination with mini-methotrexate 5 mg/m2

on days +1, +3, +6 and +11 (n=178), or to mycophenolate mofetil
(n=23), or CD34 selection/T-cell depletion in haploidentical trans-
plants (n=8). Anti-thymocyte globulin was part of the preparative
regimen in all transplants with the exception of combinations
containing Campath. Median time to neutrophil and platelet
engraftment was 14 days (range 1-51), and 20 days (range 9-64),
respectively. Cumulative incidence of grade II-IV and III-IV acute
GVHD was 33% and 12%, respectively. Patients developing
grade II-IV acute GVHD were initially treated with 2 mg/Kg of
methylprednisolone. For the purposes of this analysis, only grade
II-IV acute GVHD cases were included. 

Definitions 
Considering that hemorrhagic cystitis occurred as frequently

in all quartiles of polyoma viruria, BK virus PCR was considered
positive if any number of viral copies were detected.
Hemorrhagic cystitis occurring more than one week after trans-
plant was defined as “late-onset”. Cystitis was defined by pres-
ence of dysuria, pain, increased frequency and/or other urinary
tract symptoms, and by the presence of hematuria. Hemorrhagic
cystitis was graded as: grade 0 = none; grade I = microscopic
hematuria with urinary symptoms; grade II = macroscopic
hematuria; grade III = macroscopic hematuria with clots; and
grade IV = macroscopic hematuria with intervention for clot
evacuation and/or urinary retention.2,6,12 Patients with hemor-
rhagic cystitis and clots were treated with continuous bladder
irrigation, and percutaneous nephrostomy was used if persistent
hydronephrosis was documented. 

The following preparative regimens were considered mye-
loablative: BU/MEL (IV busulfan 130mg/m2 for four days and
melphalan 70 mg/m2 for two days); intravenous busulfan at
130mg/m2 or 3.2 mg/Kg daily for four days in combination with
clofarabine, fludarabine or cyclophosphamide; FM/THIO (flu-
darabine 30 mg/m2 for four days, melphalan 140 mg/m2 and
thiotepa 10 mg/Kg); VP16/TBI (etoposide and 12 Grays total
body irradiation: only 5 patients received radiation at this dose);
BEAM (carmustine 300mg/m2, etoposide 200 mg/m2 and cytara-
bine 200 mg/m2 for four days, and melphalan 140 mg/m2). 

The following regimens were considered to be of reduced
intensity: FCR (fludarabine 30 mg/m2 daily for three days,
cyclophosphamide 750 mg/m2 daily for three days, and ritux-
imab 375 mg/m2 for one day plus 1000 mg/m2 for three days
with and without alemtuzumab; a small subset received the
addition of 2 Gray TBI); FM (fludarabine 30 mg/m2 for four days
and melphalan 140 mg/m2); intravenous busulfan at 130mg/m2

for two days with fludarabine 30 mg/m2 for four days; TLI (total
lymphoid irradiation).

Polyoma virus studies
We prospectively performed quantitative PCR for BK virus on

urine samples collected before admission, and on the 30th and
60th day after hematopoietic stem cell transplant. The quantita-
tive BK virus assay was performed at Focus Diagnostics, Inc.
(Cyprus, CA) with a commercially available kit. The PCR target
is the large T-antigen gene, but exact primer/probe (TaqMan)
sequences are proprietary.  The assay is reported to have no
cross-reactivity with JC virus.17
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Urine cytology
We also performed urine cytology in the same samples, search-

ing for cytological changes compatible with polyoma virus infec-
tion.18 Each urine specimen was processed for cytological evalua-
tion by centrifugation for 10 min at 300 rcf. The sample was resus-
pended after stepwise addition of 2-5 mL of glacial acetic acid
with vortex, immediately followed by 2-5 mL of normal saline
with vortex. The sample was then centrifuged for 5 min at 300 rcf.
After removal of supernatant, the sediment was pulled into a glass
Pasteur pipette and examined for clarity. Cytospin slides were pre-
pared by centrifugation for 5 min at 80 rcf and immediately fixed
in 95% alcohol and stained by the Papanicolaou method.
Polyomavirus cytopathic effect was identified in samples contain-
ing cells exhibiting marked nuclear enlargement with ground glass
chromatin (viral inclusion; “decoy cell”) occupying most of the
nucleus and/or lace-like clumped chromatin (empty post-inclu-
sion).

Statistical methods 
The one-year cumulative incidence of hemorrhagic cystitis was

estimated considering death without hemorrhage as a competing
event. Risk factors for the development of hemorrhagic cystitis
were evaluated on univariate and multivariate analysis using
Cox’s regression model. The following variables were included:
donor type (unrelated, haploidentical and cord blood), condition-
ing regimen intensity, BK virus PCR status prior to and on day 30
after hematopoietic stem cell transplant, use of cyclophos-
phamide, stem cell source, age, engraftment, and acute GVHD.
Since median time to hemorrhagic cystitis was less than 60 days,
day 60 viruria was not used in the model. Landmark analysis was
used to assess the correlation between BK virus PCR status on
transplant day 30 and subsequent rate of hemorrhagic cystitis
development. Statistical significance was defined at 0.05.
Statistical analysis was performed using STATA 9.0.

Results 

Hemorrhagic cystitis 
Hemorrhagic cystitis was diagnosed in 25 of the 209

patients. With a median follow-up of nine months, the

median and mean time to bleeding was 49 and 64.4 days,
respectively (range 4-230 days; lower quartile = 24 days;
upper quartile = 82 days).There were 3 cases of grade I
(12% of all hemorrhagic cystitis), 11 (44%) grade II, 8
(32%) grade III and 3 (12%) grade IV; all grade IV cases
occurred in recipients of cord blood transplants. The medi-
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Table 1. Patient and treatment characteristics.
Variable N=209

Median age 49 years (range 19-71)
Gender Male/Female 132 (64%) / 77 (36%)
Diagnosis 

Leukemia 161 (77%)
Lymphoma/Myeloma 46 (22%)
Others 2 (1%)

Disease status at transplant
Complete remission 113 (54%)
Active disease 96 (46%)

Stem cell source
Peripheral blood 108 (52%)
Bone marrow 78 (37%)
Cord blood 23 (11%)

Donor type
Unrelated bone marrow or peripheral blood 178 (85%)
Unrelated cord blood 23 (11%)
Haploidentical CD34-selected peripheral blood  8 (4%)

Conditioning regimens
Fludarabine-containing

Yes 172 (82%)
No 37 (18%)

Conditioning regimen intensity 82
Reduced intensity 99 (47%)
Myeloablative 110 (53%)

*Cyclophosphamide-containing regimen*  38 (18%)
**ATG-containing 167 (80%)
Alemtuzumab-containing 33 (16%)

*All patients received MESNA for HC prophylaxis. ** ATG: Antithymocyte globulin.

Figure 1. Polyoma viruria and hemorrhagic cystitis
during the first 60 days after transplant. Median
time to cystitis was 49 days (n=168 on day 60). 209 patients
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an time to developing hemorrhagic cystitis was 52, 51.5,
49 and 41 days for patients with grade IV, III, II and I cys-
titis, respectively. Six patients (24% of HC cases) devel-
oped hemorrhagic cystitis before platelet engraftment,
while 5 had cystitis before neutrophil engraftment (20%
of HC cases). 

BK viruria and hemorrhagic cystitis
The mean number of viral copies pre-hematopoietic

stem cell transplant among those with positive PCR was
1.9¥107 copies/mL (range 300 - 2¥108 copies/mL). There
was no direct correlation between viral load and develop-
ment of hemorrhagic cystitis. We actually saw hemor-
rhagic cystitis among patients with very low levels of
viruria, and the proportion of patients with hemorrhagic
cystitis was similar among patients in the lower and high-
er quartiles as follows: 25% quartile, 2,100 copies/mL and
17% rate of HC; 50% quartile, 12,000 copies/mL and 12%
of HC; 75% quartile, 140,000 copies/mL and HC in 17%;
and 95% quartile, 2¥108 copies/mL, HC rate of 17%. 

Among patients who were BK virus positive prior to
transplant (n=96), the median log BK viral load pre-
hematopoietic stem cell transplant was not significantly
different in patients who subsequently bled (n=15/96;
median of 9.5 copies/mL, range 5-19) versus those who did
not develop hemorrhagic cystitis (n=81/96; median of 9.4
copies/mL, range 5.3-19, P=0.8).

Mean polyoma viruria was 9.7¥107 copies/mL (range
300-2¥108 copies/mL, n=105) and 7.7¥107 copies/mL
(range 200-2¥108 viral copies/mL; n=101), respectively 30
and 60 days after hematopoietic stem cell transplant.
There was a statistically significant increase in mean
viruria from pre-hematopoietic stem cell transplant when
compared to both time points after transplant (P=0.0002
and P=0.002, respectively). We repeated the PCR at the
time of diagnosis of hemorrhagic cystitis in 11 cases. Viral
load increased in 8 cases and remained the same in 3,
when compared to pre-transplant levels. In addition, the
mean number of viral copies/mL rose significantly
(3.3¥107 vs. 1.2¥108, P=0.01). 

Univariate analysis
BK viruria was detected in 96 patients prior to

hematopoietic stem cell transplant (46% of the cohort).
The one-year cumulative incidence (CI) of hemorrhagic
cystitis was 18% (n=15) for PCR positive versus 10%
(n=10) among PCR negative patients (Hazard ratio (HR)
1.94, 95% confidence interval (CI), 0.9-4.4; P=0.095). The
proportion of patients with BK viruria increased to 58%
and 61%, respectively 30 and 60 days after hematopoietic
stem cell transplant (missing data on 36 patients on day +
60). Figure 1 describes presence of BK viruria during the
first 60 days after hematopoietic stem cell transplant and
development of hemorrhagic cystitis.

In addition to BK viruria, donor type and intensity of
preparatory conditioning regimen were associated with
the development of hemorrhagic cystitis on univariate
analysis. Hemorrhagic cystitis occurred in 8 of 31 patients
who received a haploidentical or cord blood transplant,
versus 17 of 178 recipients of unrelated bone marrow or
peripheral blood grafts (cumulative incidence of 31% vs.
11%; respectively, HR 3.1, 95% CI, 1.3-7.2; P=0.009;
Figure 2A). Use of myeloablative conditioning regimen
was associated with a higher cumulative incidence of

hemorrhagic cystitis when compared to the subgroup
treated with reduced intensity conditioning regimens,
with a borderline statistically significant P value (18 of 110
patients, (17%), vs. 7 of 99 (7%), respectively; HR 2.3,
95% CI, 0.98-5.6; P=0.056; Figure 2B).

None of the remaining evaluated factors was significant-
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Figure 2. (A) Cumulative incidence of hemorrhagic cystitis as a func-
tion of donor type. Recipients of haploidentical (haplo) and cord
blood (CB) transplants had a higher incidence of hemorrhagic cysti-
tis than recipients of unrelated bone marrow or peripheral blood
transplants. (B) Cumulative incidence of hemorrhagic cystitis as a
function of conditioning regimen intensity. (C) High cumulative inci-
dence of hemorrhagic cystitis in recipients of ablative haploidentical
(haplo) or cord blood (cord) transplants who had BK viruria (+ve)
prior to transplant, when compared to recipients of unrelated donor
(UD) transplants (PCR +ve or PCR negative -ve).    
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ly associated with hemorrhagic cystitis development. The
cumulative incidence of bleeding occurring after day 30
was comparable in patients with positive (8%) and those
with negative (5%) BK viruria 30 days after hematopoiet-
ic stem cell transplant (P=0.4).

Use of cyclophosphamide-containing preparative regi-
men was not associated with an increased cumulative
incidence of hemorrhagic cystitis (4%). However,
cyclophosphamide was primarily used in reduced intensi-
ty conditioning in combination with low-dose total body
irradiation, fludarabine and Campath. In addition, use of
bone marrow versus peripheral blood had no influence on
development of hemorrhagic cystitis (incidence of 12% vs.
8%, respectively, P=0.4). Similarly, no significant impact
was found for age, diagnosis, disease status (remission vs.
active disease; incidence of 14% vs. 9.4%, respectively),
use of fludarabine-based conditioning (incidence of 12.8%
with fludarabine vs. 8% without, P=0.6), platelet or neu-
trophil engraftment, or a diagnosis of grade II-IV acute
GVHD (HR 1.3, 95% CI, 0.5-3.5 P=0.6), considered as a
time dependent variable (Table 2). Post-hematopoietic
stem cell transplant cytomegalovirus reactivation occurred
in 48% (n=100) of the patients during the first four
months. There was no correlation between cytomegalo -
virus antigenemia and development of hemorrhagic cysti-
tis (incidence of 13% vs. 11% for antigenemia positive and
negative patients, respectively).

Correlation of urinary cytology and BK PCR
Urine cytology data was available in 208 patients prior

to hematopoietic stem cell transplant. Nineteen (9%) were
deemed to have changes compatible with polyoma virus
infection.  Hemorrhagic cystitis rates among cytology pos-
itive and negative patients were 16% (3 of 19) and 12%
(22 of 189), respectively. Double negative samples (PCR
and cytology) had a cystitis rate of 9% (9 of 103), while
double positive patients had a hemorrhagic cystitis rate of
22% (2 of 9 patients). Cytology negative but PCR positive
samples were associated with cystitis in 15% of the cases
(13 of 86), while cytology positive but PCR negative cases
were linked to hemorrhagic cystitis in 10% (one of 10
cases).  Ultimately, 22 of 25 patients (88%) who had hem-
orrhagic cystitis had no polyoma-induced cytological
changes pre-transplant, while 10 of 25 (40%) had no evi-
dence of infection by PCR. At the time of diagnosis of
hemorrhagic cystitis, 10 of 13 patients for whom this
information was available had cytological changes sugges-
tive of BK infection, usually associated with viruria greater
than 1¥107 copies/mL.

Hospital stay
During the first 100 days after transplant, median hospi-

tal stay for patients who developed  hemorrhagic cystitis
was 41 days (range 14-81), versus 26 days (range 9-95) for
patients who did not (P=0.01). Patients with BK viruria

BKV and hemorrhagic cystitis after HSCT
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Table 2. Incidence of hemorrhagic cystitis.
Variable N=209 N HR at 1 yr 95% CI P

Hemorrhagic cystitis 25 
HC grade  I / II / III / IV 3/11/8/3
Median time to bleeding 49 days (range, 4-230)

N (%)* with HC
Age 1.03 0.5-2.3 0.9
≤50 years 99 12 (12%)
>50 years 110 13 (11.8%)
PCR pre-transplant 1.97 0.9-4.4 0.095

positive 96 15 (15.6%)
negative 111 10 (9%)

PCR day 30 post-transplant 1.7 0.5-5.6 0.4
positive 104 8 (7.7%)
negative 76 4 (5.3%)

Donor type 3.1 1.3-7.2 0.009
Haploidentical/cords  31 8 (26%)
Unrelated 178 17 (9.6%)

Conditioning regimen 2.3 0.98-5.6 0.056
Ablative 110 18 (16%)
Reduced intensity 99 7 (7%)

Cyclophosphamide containing regimen 
Yes 38 4 (10.5%) 1.05 0.6-3.0 0.9
No 174 21 (12%)

Stem cell source 1.5 0.6-4.0 0.4
Peripheral blood 94 6 (6.4%)
Bone marrow 75 11 (14.7%)

Acute grade II-IV GVHD 1.3 0.5-3.5 0.6
Yes 69 8 (12%)
No 140 17 (12%)

HC: hemorrhagic cystitis; HR: hazard ratio; CI: confidence interval. * Number and percentage of patients developing HC within the covariate subgroup (not cumulative incidence).



prior to transplant had a stay of 29 (range 9-83) versus 25
days (range 11-95; P=0.2). Although hemorrhagic cystitis
was associated with significant morbidity, survival was
not affected by presence of BK viruria and/or by cystitis.
Fifty-six percent of the patients with hemorrhagic cystitis
were readmitted to hospital, versus 44% of patients with-
out cystitis. 

Multivariate analysis
We performed stratified and multivariate analysis to

adjust for the factors shown to be significant on univariate
analysis (Table 3). Stratified analysis showed that the
impact of donor type and PCR positivity pre-transplant
were significant in patients who received an ablative regi-
men, but not in those patients who received reduced inten-
sity conditioning. We adjusted for this interaction by con-
sidering the impact of donor type and PCR positivity pre-
transplant only in patients who received an ablative condi-
tioning, allowing for reduced intensity conditioning as a
reference group. This classification showed that the inci-
dence of hemorrhagic cystitis was lowest among recipients
of reduced intensity conditioning and highest (58%)
among recipients of ablative regimens, haploidentical and
cord blood transplants, and those who had a positive PCR
pre-transplant (58% vs. 7% for the reference group, HR
13.6, 95% CI, 4.7-39 P<0.001; Figure 2C and Table 3).

Discussion 

Our study showed that polyoma viruria was not per se
an independent risk factor for hemorrhagic cystitis, con-
trary to our central hypothesis. However, viruria interact-
ed with regimen intensity and donor type leading to a
very high risk of hemorrhage after transplant. We identi-
fied a subgroup of patients who are very likely to develop
hemorrhagic cystitis: recipients of haploidentical or unre-
lated cord blood transplants conditioned with myeloabla-
tive regimens who had positive viruria at the time of
admission for treatment.

This study recapitulates in a prospective fashion our
previous (retrospective) analysis that showed unrelated
transplants to be associated with more hemorrhagic cysti-
tis than matched related transplants.16 In that study, how-
ever, we did not have BK virus information, and only abla-
tive (radiation-based) conditioning was used. One cannot
ignore the impression that there is a continuum of increas-
ing hemorrhagic cystitis rates going from related, unrelat-
ed bone marrow or peripheral blood transplants, to unre-
lated cord blood and haploidentical transplants.  It is pos-

sible that this reflects poorer immune recovery intrinsic to
the latter group. Interestingly, it has been reported by oth-
ers9 that although BK viruria was detected in autologous
and allogeneic transplant patients, only the allogeneic
group developed hemorrhagic cystitis. Here, infection per
se was not statistically significantly associated with cysti-
tis, illustrating the complexity of the problem. Contrary to
what has been previously suggested and would be expect-
ed if the immune recovery deficit alone is at play, we did
not see a correlation of hemorrhagic cystitis with develop-
ment of graft versus host disease, studied as a time-
dependent variable. Although we did not have detailed
data on steroid or other immunosuppressant use, the ini-
tial treatment is standardized in our institution. 

Another observation is that hemorrhagic cystitis
occurred after engraftment of neutrophils in the majority
of the patients (and in most cases after platelet engraft-
ment). We speculate that the neutrophil ‘requirement’
illustrates the presence of an inflammatory component,
possibly triggered by the preparative regimen and BK
virus presence. 

Cyclophosphamide use, a common ‘culprit’ in this set-
ting, did not contribute to hemorrhagic cystitis here. This
is likely explained by the association of this drug with
reduced intensity conditioning in our institution, further
suggesting that dose intensity contributes to the problem.
Most of our hemorrhagic cystitis cases were of late onset,
and were therefore less likely to be chemotherapy-related.
Given this limitation, we do not know if our conclusions
would extend to fully myeloablative, cyclophosphamide-
containing regimens. Use of such preparative regimens
has previously been demonstrated to be a risk factor for
cystitis (mostly of early onset), although not all investiga-
tors confirmed this association while others saw no differ-
ence in late onset hemorrhagic cystitis incidence between
reduced intensity conditioning and ablative regimens.11,

13,15, 19-21

The association of BK viruria and hemorrhagic cystitis
has been under investigation for many years, but we failed
to document a correlation between viral load and hemor-
rhagic cystitis (or severity of cystitis) as previously sug-
gested.11,12,22-24 The proportion of patients with hemorrhag-
ic cystitis was very similar in all quartiles of urinary viral
load. Given the lack of a clear cut threshold, we opted for
labeling any viruria level as ‘positive’. Urine cytology did
not correlate with BK viruria as defined here, neither did it
predict hemorrhagic cystitis. However, we did not rule out
a possible correlation of cytological changes with high uri-
nary viral loads (data not shown). Our observation that
combining urinary cytological changes with viral load
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Table 3. Multivariate model for development of hemorrhagic cystitis. 
Covariate HC

N N HR 95% CI P % *CI at 1 yr

Reduced intensity conditioning 99 7 Ref. 7%
Ablative/unrelated donor/PCR neg-pre transplant 51 6 1.6 0.5-4.7 0.4 13%
Ablative/unrelated donor/PCR pos-pre transplant 33 4 1.7 0.5-5.9 0.4 12%
Ablative/haploidentical/cord blood/PCR neg-pre transplant 13 1 1 0.1-8.5 0.9 10%
Ablative/haploidentical/cord blood/PCR pos-pre transplant 12 7 13.6 4.7-39 <0.001 58%

HC: hemorrhagic cystitis; HR: hazard ratio; CI: confidence interval PCR: polymerase chain reaction   



increased the positive predictive value for hemorrhagic
cystitis suggests the possibility that BK infection of the
urothelium without detectable viruria might account for
hemorrhagic cystitis in some patients. This hypothesis, if
true, would strengthen the association between BK virus
and hemorrhagic cystitis. It also would strengthen the
‘biological’ explanation for the complex interaction
between BK virus, regimen intensity and donor type that
we have advanced, as greater immune incompetence
might be correlated with urothelial infection with or with-
out viruria.

We somewhat arbitrarily grouped recipients of unrelat-
ed cord blood and haploidentical related transplants
together. Biologically, however, the two subgroups are
likely different in that cord blood donors lack immunity to
BK virus, while haploidentical grafts are more often asso-
ciated with poor immune reconstitution after hematopoi-
etic stem cell transplant.25

A limitation of our study is that we did not measure BK
viremia. Others have shown an association between plas-
ma viral load and development of hemorrhagic cystitis21

and it is possible that measuring both viremia and viruria
may be more informative than measuring each separately.
Another limitation is the lack of information on other
viruses, such as adenovirus, which can also lead to hemor-
rhagic cystitis. However, since our cohort was comprised
of adult patients only, the contribution of adenovirus
infection is likely to be small, in contrast to a pediatric
population.3,26

Other potential risk factors for hemorrhagic cystitis
studied here had no significant impact in this prospective-
ly studied cohort. Age, platelet engraftment, bone marrow
versus peripheral blood grafts, BK virus PCR 30 days after
transplant, and development of acute graft versus host dis-
ease were not independently associated with hemorrhag-

ic cystitis.7,16,19 We believe these findings reinforce the
interaction between BK virus, preparative regimen and
donor type. The identification of this high-risk subgroup
may provide a target for interventions designed to
improve polyoma virus immune response post-
hematopoietic stem cell transplant, and for avoidance of
drugs that may increase incidence of hemorrhagic cystitis
(such as cyclophosphamide). Since we did not take into
account intensity and duration of immunosuppressive
treatment used to manage graft versus host disease, nor
the results of its treatment, our graft versus host disease
findings are somewhat limited and should be interpreted
accordingly.

The morbidity of this complication should not be
underestimated, as well as the logistical and financial
implications of prolonged admissions and hemorrhagic
cystitis-mandated urological interventions. Future insights
in immune reconstitution after hematopoietic stem cell
transplant from donors other than HLA identical siblings
are expected to shed light on this complex syndrome, and
hopefully allow us to minimize the consequences of this
complication of hematopoietic transplants.
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