
haematologica/the hematology journal | 2006; 91(3) | 401 |

Géraldine Giraud
Gordana Bogdanovic
Peter Priftakis
Mats Remberger
Britt-Marie Svahn
Lisbeth Barkholt
Olle Ringden
Jacek Winiarski
Per Ljungman
Tina Dalianis

The incidence of hemorrhagic cystitis and BK-viruria in
allogeneic hematopoietic stem cell recipients 
according to intensity of the conditioning regimen

Reactivation of BK virus (BKV) infection1,2

has been associated with late onset (>2
weeks post-transplantation) hemor-

rhagic cystitis in allogeneic hematopoietic
stem cell transplant (HSCT) recipients.3-5

Hemorrhagic cystitis occurs as microscopic
hematuria (grade I), or as gross hematuria
with clots and urinary tract obstruction
(grades II–IV) and causes significant morbidity
and mortality.6 From 5-40% of all HSCT recip-
ients develop hemorrhagic cystitis, while 50-
100% of the patients have BK-viruria indicat-
ing that BK-viruria alone is not sufficient for
inducing hemorrhagic cystitis.6-9 Acute graft-
versus-host disease (GVHD) and specific BKV
mutations have been suggested to influence
the development of hemorrhagic cystitis, and
patients with hemorrhagic cystitis often
excrete a higher load of BKV in their urine
than do patients without hemorrhagic cysti-
tis. 7-13 Moreover, patients with hemorrhagic
cystitis frequently exhibit BK-viruria, accom-
panied by a high viral load together with
acute GVHD, prior to or at the onset of the
hemorrhagic cystitis.14 It has also been report-
ed recently that recipients of graft from unre-
lated donors have a higher risk of hemorrhag-
ic cystitis than have recipients of grafts from
related donors.15 Whether conditioning prior
to HSCT affects the incidence of BKV-associ-
ated hemorrhagic cystitis has not been stud-
ied so far, although adenovirus-associated
hemorrhagic cystitis was demonstrated to be
milder and of shorter duration in patients
receiving reduced intensity conditioning
(RIC).16 Hence in this study we investigated
the influence of full myeloblative conditioning
or RIC, prior to HSCT, on the development of
BKV-associated hemorrhagic cystitis. We also

assessed other risk factors for hemorrhagic
cystitis such as donor source, BK-viruria, viral
load, and GVHD.

Design and Methods

Patients
Ninety allogeneic HSCT recipients trans-

planted between April 2002 and July 2004 at
the Karolinska University Hospital, of
whom 31 were described previously,14 were
included in this study, which was conducted
with ethical approval 357/01 from the
Karolinska Institutet. Fifteen patients devel-
oped late onset hemorrhagic cystitis grade II-
IV.6 Forty-four (49%) of the patients received
RIC regimens; fludarabine, (90-150 mg/m2)
in combination with 6 Gy fractionated total
body irradiation (f-TBI) and 60 mg/kg
cyclophosphamide, or in combination with
2 Gy f-TBI, 8 mg/kg busulphan, or 60 mg/kg
cyclophosphamide or treosulphan, or 20
mg/kg cyclophosphamide (for patients with
Fanconi’s anemia). The other 46 (51%)
received full myeloablative conditioning;
12Gy f-TBI and cyclophosphamide, busul-
phan and cyclophosphamide. For the pur-
pose of this study, patients with aplastic ane-
mia receiving cyclophosphamide 120 mg/kg
were defined as having received a myeloab-
lative regimen (Table 1). Fifty-eight patients
(64%) received a transplant from an unrelat-
ed donor, while 32 (36%) received a graft
from a related donor. Details of the patients’
characteristics, donor background, condi-
tioning regimen and grade of GVHD,17 as
correlated with the development of hemor-
rhagic cystitis are presented in Table 2. 
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The influence of BK-viruria, donor background, and conditioning on the development of
hemorrhagic cystitis was examined in 90 allogeneic hematopoetic stem cell transplant
patients, of whom 15 developed hemorrhagic cystitis. Thirty-two patients had related
and 58 had unrelated donors, while 44 received full, and 46 received reduced intensi-
ty conditioning (RIC). BK-viruria was more common in patients with hemorrhagic cysti-
tis than in those without (p<0.01), and hemorrhagic cystitis was less common in
patients with related donors than in those with unrelated donors (p=0.02). Finally, hem-
orrhagic cystitis and BK-viruria were less common in patients receiving RIC, rather than
full conditioning (p<0.01 and p<0.01, respectively). 
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BKV detection and quantification in urine samples
Three hundred urine samples (1-28 samples/patient)

were collected from the second week onwards after
HSCT at weekly intervals during hospitalization and
thereafter once a month. Samples were tested (2.5 and
5 µL), for BKV DNA by nested polymerase chain reac-
tion (detection ≥10 BKV copies).18,19 BKV positive sam-
ples, diluted (1:1, 1:10, 1:50, 1:100, 1:500) to avoid pos-
sible inhibition, were quantified for viral load in tripli-
cate by quantitative real time polymerase chain reaction
analysis. 20

Statistical analysis
Statistical significance was calculated by the χ2 test

and multivariate logistic regression with forward selec-
tion of variables. In the multivariate model, only sam-
ples for BKV detection collected before or simultaneous-
ly with the development of hemorrhagic cystitis were
taken into account. The numbers of urine samples were
compared with the Mann-Whitney U-test.

Results and Discussion 

Fifteen patients with hematologic diseases developed
late onset hemorrhagic cystitis (Table 2), 16-95 days
after HSCT. Most of these patients, (10/15; 67%) devel-
oped the hemorrhagic cystitis in the first month after
HCST. The hemorrhagic cystitis was severe (grades 3-4)
in 12/15 patients (80%), while it was moderate to
severe (grade 2) in 3/15 patients (20%). Thirteen of the
15 patients (87%) had received a full myeloablative con-
ditioning regimen indicating that RIC is associated with
a decreased risk for hemorrhagic cystitis (p<0.01) (Table
2). This difference remained statistically significant
(p=0.04) even if the 16 patients with solid tumours were
excluded from the analysis.

Fifty-eight patients (64%) were transplanted with a
graft from an unrelated donor, while 32 patients (36%)
received a graft from a related donor. Of the 58 recipi-
ents of unrelated grafts, 29 (50%) were conditioned
with myeloablative conditioning, while 29 (50%)
received RIC. Fourteen of the unrelated graft recipients
developed hemorrhagic cystitis, while only one patient
transplanted with a graft from a related donor did so,
(p=0.02), indicating that hemorrhagic cystitis is more
common in recipients of grafts from unrelated donors. 

BK-viruria was more common in patients with hem-
orrhagic cystitis (13/15; 87%) than in those without
(26/75; 35%) (p<0.01). The difference was independent
of the fact that more samples were analyzed for patients
with hemorrhagic cystitis (94 total, median 3
samples/patient) than for those without (206 total,
median 2 samples/patient) (p=0.03). BK-viruria was
observed in 11/13 patients (85%) before the onset of
hemorrhagic cystitis, in 9/9 patients (100%) during
hemorrhagic cystitis, and in 10/10 patients (100%) after
the cystitis indicating that the sampling time point was
not a factor responsible for the significant difference
between patients with and without hemorrhagic cysti-
tis. In addition, BK-viruria was more frequent in
patients receiving full conditioning 25/44 (57%) than in

patients receiving RIC 14/46 (30%) (p<0.01), while it
was similar in patients transplanted with grafts from
unrelated donors (24/58; 41%) or a related donors
(15/32; 47%) (p=NS). Notably, there were no differ-
ences in the number of urine samples between patients
conditioned with a RIC or a myeloablative regimen or
between patients transplanted from an unrelated or a
related donor (p=NS). A viral load >106 BKV copies/µL
urine was more common in patients with hemorrhagic
cystitis (9/15; 60%) than without (13/75; 17%) (p<0.01).
There was no difference in the risk for having a viral
load >106 BKV copies/µL urine for patients receiving full
conditioning (14/47; 30%) compared to patients receiv-
ing RIC (8/43; 19%) (p=NS) or in patients transplanted
from an unrelated donor (14/58; 24%) or a related donor
(8/32; 25%) (p=NS). 

Acute GVHD was observed in 60/90 (67%) of
patients (Table 2) and 24 (28%) patients developed
grade II-IV acute GVHD (data not shown). There was no
difference in the frequency of acute GVHD in patients
with hemorrhagic cystitis (12/15; 80%) and without
(48/75; 64%) (p=NS). The corresponding numbers for
grade II-IV acute GVHD were 6/15 (40%) and 18/75
(24%), respectively (p=NS). There was also no differ-
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Table 1. Clinical characteristics and donor background of 90 HSCT
recipients, evaluated for hemorrhagic cystitis in relation to their
conditioning regimen.

Myeloablative RIC
RIC

Patients 46 44
Sex (Male/Female) 30/16 23/21
Median age (Min-Max) 52 (6-64) 13 (0.7-59)°

Donors
Related 17 15
Unrelated 29 29

Underlying Diagnosis
Leukemia 18 36
Lymphoproliferative disorder 7 1
Non-malignant disorder 3 5
Others 2 2
Solid tumor 16 0

Disease stage 
Early disease/late disease 10/20 21/23

GVHD prophylaxis
CsA+MTX 39 34
Other combinations 7 10

Conditioning
Flu+fTBI 6Gy +Cy 7
Flu+TBI 2 Gy 1
Flu+Bu 17
Flu+Cy 19
Flu+treosul 2
fTBI 12Gy+Cy 18
Bu+Cy 24
Cy 2

Anti-thymocyte globulin 39 32
Stem cell source (BM/PBSC/CB) 9/36/1 19/22/3
CD34+ dose (106/kg) 7.8 (0.6-28.0) 7.2 (0.1-66.0) 

*p<0.05, °p<0.01; early disease; First complete remission, first chronic phase and
non-malignant disease/late disease; all others, solid tumors not included. CsA;
cyclosporine, MTX; methotrexate, Flu; fludarabine, fTBI; fractionated total-body
irradiation, Cy; cyclophosphamide, Bu; busulphan, ATG; BM; bone marrow,
PBSC; peripheral blood stem-cells; CB; cord blood.



ence in the frequency of acute GVHD between patients
who received full myeloablative conditioning (32/44;
73%) or RIC (28/46; 61%) (p=NS). Furthermore, there
was no difference in the incidence of acute GVHD
between patients transplanted from an unrelated donor
(38/58; 66%) or a related donor (22/32; 69%) (p=NS). In
multivariate logistic regression analysis, BK-viruria
before the onset of hemorrhagic cystitis (OR 7.4; 1.7-
33.2; p<0.01) and a graft from an unrelated donor (OR
20.0; 2.0-198; p=0.01) increased the risk for hemorrhag-
ic cystitis while RIC conditioning reduced the risk (OR;
0.06; 0.01-0.42; p<0.01). A BK-viral load >106 copies/µL
urine was not an independent factor associated with
hemorrhagic cystitis when BK-viruria was included in
the model.  As mentioned above, late onset hemorrhag-
ic cystitis is an important complication of allogeneic
HSCT, and previous studies have evaluated risk factors
for late onset hemorrhagic cystitis in addition to BK-
viruria.6,8,10-12

In this study, the intensity of the conditioning regi-
men, the donor source and the presence of BK-viruria
were all identified as predictive factors for the develop-
ment of hemorrhagic cystitis. Of the 15 patients, who

did develop hemorrhagic cystitis all but two had
received a full conditioning regimen, indicating that RIC
decreases the risk of hemorrhagic cystitis; a finding that
has not been previously reported. The pathogenesis of
late onset hemorrhagic cystitis after HSCT is still poor-
ly understood. We have previously shown that allo-
geneic HSCT carries a higher risk of hemorrhagic cysti-
tis than does autologous HSCT.10 It seems likely that the
immunosuppressed status of the patient is also impor-
tant since patients transplanted with grafts from unre-
lated donors have a higher risk of hemorrhagic cystitis
than do recipients of grafts from related donors.15 Our
finding that RIC HSCT gives a lower risk than myeloab-
lative HSCT sheds further light on the issue. One possi-
ble explanation is that the combination of a harsher reg-
imen together with the presence of BKV increases the
risk of hemorrhagic cystitis. Another possibility, taking
into account the donor type is that the more immuno-
suppressive regimen given to recipients of grafts from
unrelated donor together with a high intensity regimen
and BK-viruria combine to create the environment in
which hemorrhagic cystitis develops. Finally, a greater
initial preservation of the recipient’s immunity and
thereafter a more gradual switch to complete donor
chimerism may facilitate a gradual adaptation of the
immune response to BKV. This is supported by our find-
ing that BK-viruria was significantly less common in
patients receiving RIC and, as reported earlier, BK-
viruria and viral load >106 BKV copies/µL urine were
more common in patients with hemorrhagic cystitis
than in those without.7,8,13 However, the latter sugges-
tion must be cautiously interpreted, since a statistically
significant difference in BKV load was not noted
between patients undergoig RIC or full conditioning,
although a lower proportion of RIC patients had a high
BKV load in their urine samples. 

In summary, our results show that patients who
receive a transplant from an unrelated donor and have
full myeloblative conditioning have an increased risk of
hemorrhagic cystitis. We conclude that the use of RIC
may minimize the incidence of hemorrhagic cystitis.
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Table 2. Clinical characteristics, donor background and condition-
ing regimen of 90 HSCT recipients evaluated for hemorrhagic cys-
titis and in relation to hemorrhagic cystitis development.

hemorrhagic cystitis non HC (BK pos)

Patients 15 75(26)
Sex (Male/Female) 11/4 45/30 (16/10)
Age

0-18 y 6 21 (10)
>18 y 9 54 (16)

Underlying disease 
Leukemia 13 41 (17)
Lymphoprolif. disorder 8 (2)
Non-malignant disorder 1 7 (3)
Others 1 3
Solid tumor 16 (4)

Donor
Related 1 31 (11)
Unrelated 14 44 (11)

Conditioning regimen
Full myeloablative 13 31(17) 
Reduced intensity 2 44 (11) 

AcuteGVHD
Grade 0 3 27 (8)
Grade I-IV 12 48 (18)

BKV-pos, number of patients with a BKV positive urine sample at some time dur-
ing the study period who did not develop hemorrhagic cystitis. Underlying disease,
leukemia: (acute lymphoblastic leukemia, n=15; acute myeloid leukemia, n=18;
chronic myeloid leukemia, n=9; chronic lymphocytic leukemia, n=1; acute
myeloid leukemia secondary to myelodysplastic syndrome, n=4; myelodysplastic
syndrome, n=7), lymphoproliferative disorders (myeloma, n=1; lymphoma, n=1;
non-Hodgkin’s lymphoma, n=6), non-malignant disease (severe aplastic anemia,
n=5; Fanconi’s anemia, n=3), others (PNH, n=1), polycythemia vera, n=1; juve-
nile myelomonocytic leukemia, n=1; AMN/ALD, n=1), solid tumors ( liver, n=5;
kidney, n=4; prostate, n=2; colon, n=2; rectum, n=3).
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