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Abstract

The aim of this trial is to investigate the risk factors of BK viruria and the effect of BK viruria on mortality in patients undergoing hematopoietic stem cell transplantation
(HSCT). The data of 247 patients who underwent HSCT between 01.01.2011-01.12.2017 in Inonu University Faculty of Medicine Department of Hematology were
retrospectively analyzed. BK viruria was defined as positive at any copy level in the urine. Of 247 patients, 97 patients (39.2%) were detected to have BK virus-posi-
tive. Patients with positive BK virus in urine were younger than BK virus negative patients, and patients with multiple myeloma had a lower rate of BK virus positivity
than other patients (p<0.05). The rate of BK viruria was found to be higher in patients who received busulfan and cyclophosphamide-containing conditioning regimens
compared to patients who received other conditioning regimens (46% vs 28.9%, p=0.007). In addition, BK virus positivity was found to be lower in those receiving mel-
phalan-based conditioning regimens than those receiving other conditioning regimes (28.6% vs 47.2%, p=0.008). BK virus positivity in urine was detected median 20 days
after HSCT. BK virus positivity was detected in 80.4% (78/97) of the patients within the first 30 days. Patients with BK viruria had a higher first 100-day mortality than
patients without BK viruria (17.5% vs 8%, p=0.023). In this series, BK viruria is a factor associated with mortality in the early period after HSCT and should be closely

monitored in these patients.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is performed for
the treatment of many benign and malignant hematologic diseases
every year. HSCT is divided into two groups as autologous and
allogeneic, according to the donor [1]. Bacterial, viral, fungal
and parasitic opportunistic infections are an important cause of
mortality and morbidity following HSCT. The risk of opportunistic
infection is determined by exposure to the pathogen, the immune
system of the patient, and the virulence factors of the pathogen [2].
BK virus, one of these pathogens, was first reported in 1971. It
was isolated from the uroepithelial cells of a renal transplantation
patient diagnosed with urethral stricture. With the increasing use
of immunosuppressive drugs, BK virus-dependent cases have
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beenreported,andthereisevidencethatitcauseshemorrhagiccystitis
(HC) in HSCT recipients since the 1980s [3]. Even though healthy
individuals infected with the BK virus are asymptomatic, it remains
latent in the renal tubule epithelial cells and can be reactivated in
case of immunosuppression [4]. BK virus is related to many clinical
conditions such as asymptomatic hematuria, hemorrhagic cystitis,
urethral stenosis, developed in HSCT recipients. HC associated
with BK virus usually occurs 3 to 6 weeks after HSCT [5]. In the
previous trials, BK virus-associated hemorrhagic cystitis is an
important cause of morbidity and mortality [6]. In case of serious
immunosuppression, BK virus replication gets out of control
and becomes symptomatic. It can be detected as asymptomatic
in both allogeneic and autologous HSCT recipients, however,
reactivation is more significant in allogeneic HSCT recipients [6].

It is aimed to investigate the effect of the BK viruria on mortality,
hematuria and engraftment time. In addition, it was aimed to
investigate risk factors for BK viruria.
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Materials and Methods

The data of 247 patients who underwent HSCT between January
2011 and December 2017 in Inonu University Turgut Ozal Medical
Center Hematology Department were retrospectively analyzed.
It is approved by Inonu University Clinical Research Ethics
Committee. (Approval number: 2018/ 23-9).

Data was obtained from the hospital electronic information system.
Age, gender, disease group, transplantation type, pre-transplant
conditioning regimen, BK virus positivity in the urine, presence
of hematuria, neutrophil engraftment time and mortality in the first
100 days of our patients with BK virus (+) and (-) were compared.

BK viral load was measured by real time polymerase chain
reaction method. BK viruria was defined as positive at any copy
level in the urine.

Statistical analyses

IBM SPSS Statistics 22.0 program was used in the analyzes.
Normality analysis of quantitative data was done with Shapiro
Wilk test, comparison of qualitative data between two groups was
done with Pearson chi-square test, and comparison of quantitative
data between two groups was done with Mann-Whitney U test.
Quantitative data are given as median and range. p values less than
0.05 were considered statistically significant.

Results

In the trial, of the 247 patients, 152 were male (61.5%) and 95
were female (38.5%). The age range of the patients is 18-77 years
and the median age is 45 years.

BK virus was examined in 247 patients by considering that patients
who underwent bone marrow transplantation between 2011 and

Table 1. Demographic and clinical characteristics of our patients
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2017 in our HSCT center have complaints such as dysuria, polyuria
and that there is microscopic and macroscopic hematuria in the
urine. Of 247 patients, 97 patients (39.2%) were detected to have
BK virus-positive. The demographic and clinical characteristics
of 247 patients are given in table 1. We found that patients with
positive BK virus in urine were younger than BK virus negative
patients, and that patients with multiple myeloma had a lower rate
of BK virus positivity than other patients (p<0.05).

The conditioning regimens administered to the patients before
HSCT and BK virus positivity of patients is summarized in table
2. The rate of BK viruria was found to be higher in patients who
received busulfan and cyclophosphamide-containing conditioning
regimens compared to patients who received other conditioning
regimens (46% vs 28.9%, p=0.007). In addition, BK virus positivity
was found to be lower in those receiving melphalan-based
conditioning regimens than those receiving other conditioning
regimes (28.6% vs 47.2%, p=0.008).

BK virus positivity in urine was detected median 20 days after
HSCT. BK virus positivity was detected in 80.4% (78/97) of the
patients within the first 30 days.

The relationship between BK virus (+) in the urine and neutrophil
engraftment time was analyzed and statistically significant
difference was not found (p=0.716). While the median neutrophil
engraftment time of BK virus (-) patients was 16 days, the median
neutrophil engraftment time of BK virus (+) patients was detected
as 16.5 days.

The first 100-day mortality of the 247 patients who underwent
HSCT was analyzed. Seventeen of the 97 patients who were
detected to have BK (+) in the urine died. A significant association
was found between 100-day mortality and BK (+) (17.5% vs 8%,
p=0.023).

BK (("'n)=1;z;t)lents BK ((n)=[1)251(t)1)ents p value
Age, median (range) 42 (18-73) 48.5 (18-75) 0.004
Gender (Male:Female) 62:35 90:60 0.537
Diagnosis
Multipl myeloma, n 15 (15.5%) 47 (31.3%) 0.005
Acute myeloid leukemia, n 35 (36.1%) 44 (29.3%) 0.267
Acute lymphoblastic leukemia, n 18 (18.6%) 19 (12.7%) 0.205
Hodgkin lymphoma, n 4 (4.1%) 8(5.3%) 0.692
Non-Hodgkin lymphoma, n 19 (19.6%) 20 (13.3%) 0.165
Others, n 6 (6.1%) 12 (8%) 0.242
Transplantation type
Allogeneic, n 47 (48.5%) 69 (46%)
Autologous, n 45 (46.4%) 79 (52.7%) 0168
Haploidentic, n 5(5.1%) 2 (1.3%)
Hematuria
Present, n 47 (48.5%) 60 (40%) 0.19
Absent, n 50 (51.5%) 90 (60%)
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Table 2. The conditioning regimens of BK positive and BK negative patients
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S . BK positive patients BK negative patients
Conditioning regimens (n=97) (n=150)
Busulfan-Cyclophosphamide 45 (46.4%) 56 (37.3%)

Busulfan-Cyclophosphamide-Etoposide

High dose melphalan
Carmustine-Etoposide-Cytarabine-Melphalan (BEAM)
Busulfan-Fludarabine-Anti thymocyte globulin
Fludarabine-Cyclophosphamide-Anti thymocyte globulin

Fludarabine-Anti thymocyte globulin-Thiotepa-Melphalan

24 (24.7%) 25 (16.7%)

15 (15.5%) 48 (32%)
2(2.1%) 4(2.7%)
4(4.1%) 13 (8.7%)
2(2.1%) 1(0.6%)
5(5.1%) 32%)

Discussion

HC is a well-known complication that occurs after HSCT. It reveals
itself with a series of symptoms ranging from microscopic hematuria
to severe bleeding which may cause obstructive nephropathy. HC
occurs secondary to the use of conditioning regimens generally
containing a high dose of cyclophosphamide in the early stage
following HSCT. HC developed afterward generally occurs due
to viruses, secondary to graft versus host disease (GVHD), or after
the radiotherapy performed on the pelvic area. The most common
viral pathogens which cause HC are adenoviruses, CMV, and BK
virus [7]. BK viral load is determined by measuring the viral DNA
amount in the urine and plasma using the PCR method. BK virus
can be detected also in asymptomatic patients [8].

In the trial carried out by Dosin G and colleagues, HC was detected
in 64 (15.7%) of 407 patients who underwent allogeneic HSCT,
56 (87.5%) of whom are proved to be caused by the virus. BK
virus was detected in 48 patients, both BK virus and adenovirus
in 5, both BK virus and CMV in | and adenovirus in 2 patients.
In the univariate analysis, statistically, a significant difference was
detected between HC and age (p<0.001, HLA matching (p=0.04),
BK viral infection (p<0.001), CMV infection (p=0.04) and
myeloablative conditioning regimen (p=0.03). In the multivariate
analysis, HC was correlated with the BK virus (p=0.0001) and
adenovirus (p=0.0003) infection. The 5-Year survival rate of the
patients who underwent allogeneic SCT was 36%. Statistically, a
significant difference was not detected between the patients having
HC or not in terms of 5-year survival (25% and 39%, p=0.20) [7].
In our trial, a significant relationship was found between BK virus
positivity and 100-day mortality.

In the trial carried out by Eksi et al. and published in 2018, the BK
virus was examined in the serum and urine samples of 100 patients
who underwent allogeneic HSCT. Upon the recommendation of
the American Transplant Foundation, BK virus DNA copy number
in urine >107, copy number in plasma >10* were considered
as positive. In the urine trials of 100 patients who underwent
allogeneic HSCT, while the BK virus was detected negative
in 57 of them (57%), the BK virus was detected positive in 43
patients (43%). BK virus was detected positive within 50 days
(range, 21-718) on average after HSCT. In patients who have BK
virus copy number >107 /ml in the urine, conventional treatment
(forced diuresis, bladder irrigation, hydration) was also provided
together with levofloxacin (twice a day 500 mg po) treatment as

prophylaxis. Patients were responsive to the treatment and HC or
significant HC (grade 4) did not develop. When serum samples of
the same patients were analyzed, BK virus DNA was negative in
the serum of 94 patients, while BK virus DNA copy number was
detected as 44-319/ ml in the serum of 6 patients and it was not
clinically significant [9].

In the trial carried out by Lunde et al. and published in 2015,
1321 patients who underwent allogeneic HSCT were evaluated.
Two hundred nineteen of 1321 patients (16.6%) developed HC. In
patients who underwent allogeneic HSCT and developed HC, HC
developed in 22 days on average. BK virus was inspected in the
urine of 109 of 219 patients who developed HC [10].

In the trial carried out by Silva and colleagues, 209 patients were
analyzed. HC was detected in 25 (11.9%) of 209 patients. BK virus
was detected in the urine of 96 patients out of 209 patients who
underwent allogeneic HSCT, and 15 of them (15.6%) developed
HC. Also, BK was negative in the urine of 111 patients before
HSCT, and 10 of them (9%) developed HC (HR 1.94, 95% CL,
0.9- 4.4; p=0.095). In the univariate analysis performed, HC was
associated with conditioning regimen, intensity, and donor type
in addition to the BK virus. The average hospitalization duration
of the patients who developed HC within the first 100 days after
HSCT was 41 days, and the hospitalization duration of the patients
who did not develop HC was 26 days, and it was found statistically
significant (p=0.01). Even though HC is important morbidity, the
BK virus did not have an effect on survival [11]. In our trial, a
significant relationship was found between BK viruria and 100-
day mortality (p=0.023).

In the trial carried out by Rorije and colleagues, 491 patients
were analyzed. 168 patients (34.2%) who underwent HSCT were
examined in terms of the BK virus. Of 168 patients, 78 patients
were detected to have BK virus-positive and 80 patients to have
BK virus negative. Forty six of 78 patients developed HC (59%).
When it is analyzed in terms of conditioning regimen content, BK
virus was detected positive in the urine of 43 patients (55.1%)
who use fludarabine, in 30 patients (38.5%) who use busulfan, in
43 patients (55.1%) who use cyclophosphamide, in 37 patients
(47.4%) who use TBI, in 13 patients (16.7%) who use ATG, in
8 (10.3%) who use melphalan [12]. According to our trial, BK
virus positivity in urine was found to be higher in patients who
received the conditioning regimens involving busulfan and/or
cyclophosphamide compared to those who received other regimens
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in our trial (p<0.05). In addition, we found that BK virus positivity
was lower in patients who were given melphalan than those who
were not given melphalan (p<0.05).

In the trial carried out by Leung et al., 236 patients were analyzed.
HC was detected in 32 (13.5%) patients and the patients did not have
a history of urinary tract infection, pelvic radiotherapy, and kidney
stone proved radiologically. In this study, a conditioning regimen
involving busulfan and development of GVHD significantly
increased the risk in patients who underwent allogeneic HSCT
[13].

In a study investigating the risk factors of HC development after
HSCT in patients with acute lymphoblastic leukemia, the risk of
HC development in patients younger than 26 years was found
to be 2.5 times higher than those above the age of 26 [14]. In
another study of 90 patients who underwent allogeneic HSCT, BK
viruria, myeloablative conditioning regimen and transplantation
from unrelated donors were identified as risk factors for HC
development [15]. In a prospective study of 59 patients who
underwent allogeneic HSCT, cyclophosphamide-containing
conditioning regimen, CMV reactivation and BK viremia were
found to be risk factors for HC development [16].

In our trial, we found the conditioning regimen (busulfan and/or
cyclophosphamide containing) and age as potential risk factors
for BK viruria. We also found a lower incidence of BK viruria
in patients receiving melphalan-containing conditioning regimen
than in those receiving other conditioning regimens. Interestingly,
we found a lower incidence of BK viruria in multiple myeloma
patients compared to other patients. This may be related to the fact
that patients with multiple myeloma are generally old and the use
of melphalan in the pre-HSCT conditioning regimen.

The limitations of our study are the retrospective design of the study,
the heterogeneity of the patients (both allogeneic and autologous
transplant patients, having a wide variety of conditioning regimes),
and the inability to evaluate the reasons that may cause BK virus
reactivation, such as GVHD, because some data were not available.

Conclusion

In this trial, which is performed heterogeneous population but
with a relatively large number of patients, it has been shown
that BK viruria increases the first 100-day mortality in patients
undergoing HSCT. Especially in patients with risk factors (eg.
patients receiving busulfan and/or cyclophosphamide-containing
conditioning regimen) BK viruria should be followed up
strictly. Prospective trials are needed to determine risk factors in
homogeneous populations with a large number of patients.
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