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Incidence of late-onset
hemorrhagic cystitis and its
effect on PFS in acute leukemia
patients after haplo-PBSCT: The
5-year single-center data

Hailong Yuan, Gang Chen, Jianli Xu, Ruixue Yang,
Maria Muhashi, Gulibadanmu Aizezi and Ming Jiang*

Hematology Center, The First Affiliated Hospital of Xinjiang Medical University, Xinjiang Institute of
Hematology, Urumqi, China
We conducted a single-center 5-year retrospective study on the occurrence of

hemorrhagic cystitis (HC) and its effect on survival after haploid high-dose

peripheral blood stem cell transplantation (haplo-PBSCT) in patients with acute

leukemia. We retrospectively analyzed 153 patients with acute leukemia who

were treated with non-in vitro T-cell depleted haplo-PBSCT and myeloablative

conditioning regimen. All patients were followed up for more than 180 days

after transplantation. HC occurrence and its effect on long-term progression

free survival (PFS) were retrospectively analyzed. Totally, 64 out of 153 patients

had late onset HC (LOHC). No early onset HC occurred. Themedian onset time

was 38.5 (17-163) days after transplantation. The cumulative incidence of LOHC

was 41.8%. The cumulative incidence of LOHC in patients under 27 years old

(50.0%) and in ALL patients (54.1%) was significantly higher than that in patients

over 27 years old (34.5%) and in AML patients (36.9%), respectively. The

cumulative incidence of mild LOHC was 44.2% and that of severe LOHC was

28.6%. However, urine copies of BK virus were not related to LOHC duration.

There was no significant difference in 3-year expected PFS between AML and

ALL patients with and without LOHC, or between LOHC duration more than

and less than 38.5 days (P>0.05). Conclusively, LOHC incidence is higher in

patients under 27 years old and in ALL patients. LOHC occurrence is related to

urine BK virus copy, but not blood BK virus load. LOHC duration and severity

has no significant effect on PFS.
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hemorrhagic cystitis, late-onset hemorrhagic cystitis, allo-genetic hematopoietic
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Introduction

Hemorrhagic cystitis (HC) is one of the more common and

serious complications after allogenetic hematopoietic stem cell

transplantation (allo-HSCT). The main manifestation is

hematuria, including microscopic hematuria, severe bleeding,

blood clots in the urine, and even urinary tract obstruction (1).

HC seriously affects the quality of life of patients, significantly

increases the length of hospitalization and medical expenses of

patients, and even causes renal function damage that requires

surgical intervention (2). Therefore, HC is still one of the main

complications that need attention after HSCT.

The occurrence of early onset HC (EOHC) is mainly related to

the use of large doses of cyclophosphamide (Cy), which usually

occurs within 24 to 72 h after conditioning. Acrolein, a metabolite

of Cy, is highly toxic to the urothelium, the effect of which can be

alleviated by mesna, thereby reducing the occurrence of HC (3, 4).

The occurrence of EOHC has been significantly reduced after

application of mesna and comprehensive preventive measures

such as fluid replacement and diuresis. However, LOHC occurred

72 h after conditioning. It is currently believed that BK virus

infection is the main cause of LOHC, and HLA incompatible

transplantation, graft-versus-host disease (GVHD) and

cytomegaovirus (CMV) are also important risk factors for the

occurrence of LOHC (5–7). The incidence of LOHC after HSCT is

7% to 68%, and the incidence of severe LOHC is 29%-44% (8–10).

The incidence of LOHC is higher after haploidentical peripheral

blood stem cell transplantation (haplo-PBSCT), which is about 2-

3 times that of identical transplantation (11). It is shown that

LOHC may increase transplant-related mortality (TRM), but its

effect on overall survival (OS) is limited (12). However, other

studies have shown that LOHC related with BK virus infection

reduces OS of patients (2, 13). Therefore, whether LOHC has a

significant effect on patient survival after transplantation is

still controversial.

Previously, we showed that the incidence of LOHC increased

after haplo-PBSCT, but LOHC had no significant effect on the

progression-free survival (PFS) of patients after transplantation

(14). Here, in this study, we further investigated the incidence of

LOHC and the effect of LOHC on PFS of patients with acute

leukemia after haplo-PBSCT using 5-year single-center data. We

retrospectively analyzed 153 cases with acute leukemia over 14

years old who received myeloablative haplo-PBSCT in our

transplant center from January 1, 2015, to December 31, 2020.

All patients have been followed up for more than 180 days.

Under the anti-thymocyte globulin (ATG)-based myeloablative

transplantation model, we further analyzed the occurrence

characteristics of LOHC, the relationship between LOHC and

BK virus, and the effect of LOHC severity and duration and

disease type on PFS of patients. Our results may provide a

reference for further studies on the occurrence characteristics of

LOHC and its effect on PFS after Haplo-PBSCT transplantation.
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Methods

Patients

We included patients with acute leukemia who underwent

haplo-PBSCT at the transplant center from January 1, 2015, to

December 31, 2020. The inclusion criteria were: 1) Patients aged

from 14 to 55 years old; 2) Patients with no obvious damage in

other important organs, such as heart and lungs; 3) Patients with

HLA matched by high-resolution genotyping, including 10

alleles (HLA-A, B, DRB1), with 4/10 to 6/10 mismatch; 4)

Patients with acute leukemia; 5) Patients were followed up for

more than 180 days. The exclusion criteria were: 1) Patients <

14-year old, or > 55-year-old; 2) Patients with active infection; 3)

Patients with damage in heart, lung, kidney or liver. This study

was approved by the ethics committee of Xinjiang Medical

University and all methods were also performed in accordance

with the ethical standards as laid down in the 1964 Declaration

of Helsinki and its later amendments or comparable ethical

standards. Written informed consent were obtained from all

patients or their legal guardians.
Follow-up

All patients were followed up through outpatient,

hospitalization, telephone, etc. The deadline for follow-up was

July 1, 2021. All patients were followed up for more than 180

days, with the median follow-up time of 20 (96-77.5) months.

No patients were lost to follow-up.
Myeloablative conditioning (MAC)
conditioning regimen

The MAC regimen was Cytarabine+ Busulfan/Cy regimen

based on ATG. In detail, cytarabine was administered at 2-4 g·m-

2·d-1 (day -9 to day -8). Busulfan was administered at 3.2 mg·kg-1·d-1

(day -7 to day -5). Cy was administered at 1.8 g·m-2·d-1 (day -3 to

day -2). ATG at 2.5 mg·kg-1·d-1 (day -4 to day -1) was administered.
Prevention of GVHD

CsA or Tac + short-term MTX + MMF + Glu was used as the

basis. CsA was performed -5d~+100d, with starting dose 2~2.5mg/

kg·d intravenously, and then 4~5mg/kg·d orally; or, Tac -5d ~

+100d, with initial dosage 0.02 mg/kg·d intravenously, then 0.05

mg/kg·d orally twice; MMF 0.5 bid po, -1d~+100d; MTX 15 mg/

m2·d, +1d; 10 mg/m2·d, +3d, +6d, +11d ivgtt; anti-CD25

monoclonal antibody (12 mg/m2) 20 mg ivgtt qd, 01 d and +2d;

and +1~+15d after transplantation. Dexamethasone 2.5 mg was
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given intravenously, which was gradually change to oral prednisone.

Oral prednisone was stopped within 2-3 weeks according to the

patient’s condition.
Stem cell collection from the donors

Stem cells were derived from peripheral blood induced by G-

CSF (5-10 µg/kg/d, starting at -4d). On 1d and 2d, 2-3 TBV of

peripheral blood stem cells were collected and infused into the

patients via central vein (mononuclear cells (MNC) 12-20×108/

kg or CD34+ cells ≥8×106/kg). If the donor’s body weight is less

than 5 kg or more than the patient, and it is estimated that

insufficient MNC or CD34+ cells can be obtained, stem cells

from the donor will be collected for 3 days.
Prevention of virus infection

Ganciclovir (250 mg ivgtt b.i.d) was used for pre-treatment

from -7d to -1d. Acyclovir (250 mg ivgtt b.i.d) was used for

further treatment on +1 day until the patients’ neutrophils

increased to more than 0.5×109/L. After that, ganciclovir (250

mg ivgtt b.i.d) was used again on +15d, and it was continuously

used for about 2 weeks according to the patients’ blood routine.
HC prevention

During the Cy period, the patients were given a large amount of

fluid replacement for 24 h and subjected to alkalized urine and

diuresis treatment. Mesna was used to prevent HC. Specifically, 1)

Large-dose fluid replacement. The daily total fluid volume was

calculated as 100~120 ml/kg/d, and the fluid replacement was

performed intravenously and continuously. 2) Alkalized urine. The

amount of sodium bicarbonate was 0.5% of the total fluid

replacement. 3) Diuresis. The Furosemide injection was given at 20

mg/time and once every 6 h. The dosage and frequency can be

adjusted according to the patient’s symptoms and electrolytes.

Potassium supplementation was performed at the same time, and

the amount of potassium chloride was 1.5% of the total fluid

replacement. 4) The dosage of Mesna (sodium thioethanesulfonate)

was 1.2 times that of CTX. The first dose of Mesna was 20% of CTX,

and it was used simultaneously with CTX. The remaining mesna was

given intravenously in 24 h.
HC examination and grading

HC was examined by urinary tract ultrasound (for males),

gynecological ultrasound (for females), urine routine test, urine

bacterial and fungal culture, and cystoscopy if necessary. HC was

graded as I (microscopic hematuria), II (gross hematuria), III (gross
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hematuria with blood clots), and IV (gross hematuria, blood clots,

and urinary tract obstruction). Degrees I~II were mild HC, and

degrees III~IV were severe HC (15).
Virus detection after HC occurrence

After HC occurrence, the CMV antibody, blood BK virus

and JC virus in the blood were tested. The nucleic acid of CMV,

BK virus and JC virus in the urine was detected by PCR.

Meanwhile, BK and JC viruses in the blood and urine were

tested in patients without HC during the same period.
General treatment of HC

1) Fluid replacement, diuresis, and urine alkalization treatments

were given to patients with HC. 2) The ribavirin or acyclovir was

empirically used for antiviral therapy. 3) For patients with infection

of BK virus and other viruses, the immunosuppressants (especially

glucocorticoids) were reduced or stopped for 1 week or 2 weeks, and

acyclovir or cyclovir antiviral therapy was actively performed. If

there is a decrease in blood cells, ganciclovir can also be replaced

with foscarnet. 4) Treatment with human immunoglobulin (0.4 g/

kg, 3-4 days) was performed. 5) For patients without virus infection,

on the basis of replacement, human immunoglobulin and other

treatments, intravenous infusion of methylprednisolone or

dexamethasone may be considered for patients with severe HC.

6) Adipose-derived mesenchymal stem cells (ADSCs) were used for

treatment of severe HC. If there is no improvement after antiviral,

fluid replacement, and diuretic treatment in patients with severe

HC, ADSCs treatment was performed. Each infusion of ADSCs was

at the dose of 1×106/kg and once a week. The curative effect of

ADSCs was evaluated after 3 infusions.
Statistical analysis

SPSS26.0 statistical software was used for statistical analysis.

The t test was used to analyze the statistical differences, such as

those in the HC onset time, duration, patient age and virus copy

number. Kaplan-Merier method was used for LOHC incidence

and survival analysis. Log-rank test was performed to analyze the

difference in survival. P <0.05 is considered as significant

difference. All reported P values were based on two-sided tests.
Results

Baseline characteristics of the patients

Totally, we enrolled 153 patients with acute leukemia.

Patient characteristics are summarized in Table 1. There were
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98 males and 55 females, with a median age of 28 years (14-55

years). According to disease type, there were 89 cases of acute

myeloid leukemia (AML) (80 cases of high risk and 9 cases of

intermediate risk), and 64 cases of acute lymphocyte (ALL) (58

cases of high risk and 6 cases of standard risk). All patients

received MAC. Five patients with severe LOHC lasting more

than 1 month were treated with ADSCs.
Evidence of hematopoietic
reconstruction and engraftment

All 153 patients had engraftment after haplo-PBSCT. The

median number of mononuclear cells transplanted in patients

was 12.1 (8.05~18.9) × 108/kg, and the median number of CD34

+ cells was 7.9 (5.3~15.4) × 106/kg. The median time for

neutrophils to be ≥ 0.5×109/L was 14 (12~32) days. The
Frontiers in Oncology 04
median time for blood platelet count ≥ to be 20×109/L in 7

days without platelet transfusion was 17 (14~34) days.
LOHC and virus infection

Among the 153 patients, 64 patients developed LOHC after

transplantation, but no patient had EOHC. The median LOHC

onset time was 20.5 (9-141) days. Among the 64 patients with

LOHC, 52 patients were tested for BK and JC viruses. The results

showed that the JC virus detection in blood was negative, and

only two patients had BK virus copy numbers in the blood

higher than the reference value. In the urine samples, 36 cases

had JC virus copy number lower than the reference value (less

than 2000 copies/ml), and 16 cases had increased JC virus copy

number (mean 2.38×107 copies/ml and range 1.5×105-9.6×108

copies/ml). The copy number of BK virus in the urine in 5 cases

was lower than the reference value (less than 2000 copies/ml),

and that of 47 cases was increased (mean 1.92×108 copies/ml and

range 1.28×104-8.96×108 copies/ml). These results indicate that

the occurrence of LOHC may be related to BK virus in the urine.

In addition, during the diagnosis of HC, the bivariate correlation

analysis showed that there was no correlation between BK virus

copy number in the urine and LOHC duration (Spearman

correlation coefficient: r=0.067, P=0.638).
Analysis of LOHC incidence

The cumulative incidence of LOHC in 153 patients after

transplantation was 41.8% (95%CI, 33.96%~66.04%) (Figure 1).

In total, there were 43 cases of mild LOHC (9 cases of degree I

LOHC and 34 cases of degree II LOHC) and 21 cases of severe

LOHC (18 cases of degree III LOHC and 3 cases of degree IV

LOHC). The cumulative incidence of mild LOHC was 44.2%

(95%CI, 29.4%~59%), significantly lower than that of severe

LOHC (41.8% (95%CI, 33.96%~66.04%); P=0.048) (Figure 2).

Among 153 patients, 38 of 98 male patients developed

LOHC, and 26 of 55 female patients developed LOHC. The

cumulative incidence of LOHC in males was 39.5% (95%CI,

24.02%~54.98%) and in females was 38.5% (95%CI, 19.49%

~57.5%) (Figure 3). The incidence of LOHC in male patients

was slightly higher than that in females, but the difference was

not statistically significant (p=0.698).

The median age of 64 LOHC patients was 26.8 years old (14

to 54 years old). The cumulative incidence of LOHC in patients

under 27 years old was 50.0% (95% CI, 32.8% to 67.2%), which

was significantly higher than that in patients over 27 years old

(34.5% (95%CI, 17.3%~51.7%); p=0.048) (Figure 4).

Of the 153 patients, 89 were AML patients, and 31 had

LOHC. There were 64 patients with ALL, and 33 patients

developed LOHC. The cumulative incidence of LOHC in AML

patients was 36.9% (95%CI, 26.51%~47.29%), significantly lower
TABLE 1 Basic characteristics of patients.

Variable NO. (%)

Sex

Male 98(64)

Female 55(36)

Median age (year, range) 28(14-55)

14 – 28 71(46.4)

>28 82(53.6)

Disease

AML 89(58.2)

High risk 80(89.9)

Intermediate risk 9(10.1)

ALL 64(41.8)

High risk 58(90.6)

Standard risk 6(9.4)

Donor-patient sex match

Male to Male 42(27.4)

Male to Female 32(21)

Female to Male 56(36.6)

Female to Femal 23(15)

Donor-patient relationship

Mother to child 37(24.2)

Father to child 34(22.2)

Child to patient 34(22.2)

Sibling 48(31.4)

ABO match

Matched 79(51.6)

Minor mismatched 41(26.8)

Major mismatched 33(21.6)

ADSCs infusion 5(7.8)
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; ADSCs: Adipose-
derived mesenchymal stem cells.
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than that in ALL patients (54.1% (95%CI, 41.56%~66.64%);

p=0.022) (Figure 5).
Relationship between LOHC and PFS of
AML and ALL patients

Among 89 AML patients, the 3-year expected PFS of 58

patients without LOHC was 72.2% (95%CI, 58.48%~85.92%),

and the 3-year expected PFS of 31 patients with LOHC was
Frontiers in Oncology 05
78.7% (95%CI, 63.41%~93.99%) (Figure 6). There was no

significant difference in PFS between AML patients with and

without LOHC (p=0.951). It is suggested that LOHC in AML

patients does not significantly affect the PFS of patients

after transplantation.

Among the 64 ALL patients, the 3-year expected PFS of 31

patients without LOHC was 70.3% (95% CI, 52.46%~88.14%),

and of 33 patients with LOHC was 63.4% (95% CI, 45.56) %

~81.24%) (Figure 7). The difference was not statistically

significant (p=0.849). This suggests that LOHC in ALL
FIGURE 1

The cumulative incidence of LOHC in 153 patients after haplo-PBSCT was 41.8% (95%CI, 33.96%~66.04%).
FIGURE 2

The cumulative incidence of mild LOHC and severe LOHC was 44.2% (95%CI, 29.4%~59%) and 28.6% (95%CI, 9.2%~48%), respectively.
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patients does not significantly affect the PFS of patients

after transplantation.
Relationship between LOHC duration
and PFS of AML and ALL patients

The median duration of LOHC was 38.5 (5-163) days after

transplantation. There were 53 patients whose LOHC lasted less

than 38.5 days, and 11 patients whose LOHC lasted more than

38.5 days. The 3-year expected PFS of patients with LOHC

duration of less than 38.5 days was 73% (95%CI, 60.26%
Frontiers in Oncology 06
~85.74%), which was not significantly different than that of

patients with LOHC duration of more than 38.5 days (61.4%

(95%CI, 31.42%~91.38%); p=0.268, Figure 8).

Among 31 AML patients with LOHC, 28 patients were with

a duration of less than 38.5 days and 3 patients were with a

duration of more than 38.5 days. The 3-year expected PFS of

patients with LOHC duration of less than 38.5 days was 83.6%

(95%CI, 68.61%~98.39%) and that of patients with LOHC

duration of more than 38.5 days was 66.7% (95%CI, 43.18%

~90.22%). The difference was statistically significant (p=0.048).

However, there were fewer cases of AML patients LOHC

duration more than 38.5 days. Thus, this result can only
FIGURE 3

The cumulative incidence of LOHC in male and female patients was 39.5% (95%CI, 24.02%~54.98%) and 38.5% (95%CI, 19.49%~57.5%), respectively.
FIGURE 4

The cumulative incidence of LOHC in patients under 27-year-old and above 27-year-old was 50.0% (95%CI, 32.8%~67.2%) and 34.5% (95%CI,
17.3%~51.7%), respectively.
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indicate that the longer duration of LOHC may affect the PFS of

AML patients after transplantation.

In 33 ALL patients with LOHC, 25 patients were with a duration

of less than 38.5 days and 8 patients were with a duration of more

than 38.5 days. Their 3-year expected PFS was 60.6% (95%CI,

39.82%~81.38%) and 58.3% (95%CI, 43.18%~90.22%),

respectively. There was no significant difference (p=0.489).

The above results indicate that the duration of LOHC may

not affect the PFS of patients after transplantation.
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Relationship between LOHC severity and
PFS of AML and ALL patients

Among AML and ALL patients, a total of 43 had mild LOHC

and 21 had severe LOHC. The 3-year expected PFS of patients

with mild LOHC was 76.4% (95%CI, 63.38%~90.42%) and that

of patients with severe LOHC 60.5% (95%CI, 39.1%~81.9%)

(p=0.08). The difference was not statistically significant

(p=0.08, Figure 9).
FIGURE 5

The cumulative incidence of LOHC in AML and ALL patients was 36.9% (95%CI, 26.51%~47.29%) and 54.1% (95%CI, 41.56%~66.64%), respectively
(p=0.022).
FIGURE 6

The three years expected PFS of AML patients with and without LOHC was 78.7% (95%CI, 63.41%~93.99%) and 72.2% (95%CI, 58.48%~85.92%),
respectively.
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Among 31 AML patients with LOHC, 22 were mild and 9

were severe LOHC. Their 3-year expected PFS was 84.8% (95%

CI, 68.92%-100.68%) and 75% (95%CI, 45%~ 105%),

re spec t ive ly . The d i ff e rence was not s ta t i s t i ca l l y

significant (p=0.552).

In addition, among 33 ALL patients with LOHC, 21 were

mild and 12 were severe. Their 3-year expected PFS was 67.5%

(95%CI, 45.55%-89.45%) and 50% (95%CI, 21.78%~78.22%),

respectively, without significant difference (p=0.084).
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Overall, the severity of LOHC may not affect the PFS of

patients after transplantation.
Discussion

HC is a common complication after allo-HSCT. Viral

infection, the strength of the conditioning regimen, calcineurin

inhibitors (for the prevention of GVHD), the HLA differences
FIGURE 7

The three years expected PFS of ALL patients with and without LOHC was 63.4% (95%CI, 45.56%~81.24%) and 70.3% (95%CI, 52.46%~88.14%),
respectively.
FIGURE 8

The three years expected PFS in patients with LOHC duration more than 38.5 days and less than 38.5 days was 73% (95%CI, 60.26%~85.74%)
and 61.4% (95%CI, 31.42%~91.38%), respectively.
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between donors and recipients, and the source of stem cells may

all be potential risk factors for the occurrence of HC (16, 17).

Mukherjee et al. (17) found that haplo-HSCT was the main risk

factor for LOHC occurrence. Lu et al. (18) showed that the

occurrence of HC in haplo-HSCT patients was significantly

higher than that of HLA-identical transplantation, and they

believed that ATG was related to the occurrence of HC. The

study by Kerbauy et al. (2) showed that the use of ATG during

conditioning significantly increased the incidence of LOHC

associated with BK virus infection. Mo et al. (19) reported that

the cumulative incidence of LOHC after haplo-HSCT in 149

cases who underwent ATG-based MAC was 29.8%, and the

cumulative incidence of severe (grade III-IV) HC was 10.9%.

Here, in this single-center retrospective study, the included

patients al l had acute leukemia, and the types of

transplantation were all haploid transplantation. The MAC

conditioning regiment was based on ATG and ABuCy. These

may reduce the impact of factors such as disease type,

pretreatment plan, ATG use and GVHD prevention on the

occurrence of LOHC. The cumulative incidence of severe

LOHC in our center was relatively low.

Viral infection is generally considered to be the main cause

of LOHC. Studies (20, 21) found that adenovirus infection is a

major pathogenic factor of LOHC after allo-HSCT. Studies have

also shown that the occurrence of LOHC is related to CMV,

influenza virus, etc. (22, 23). Arthur et al. (24) described the

association between HC and BK virus after bone marrow

transplantation for the first time. BK virus is currently widely

considered to be one of the main causes of LOHC, and about

4%-50% of LOHC occurrence is related to BK virus (24–28). In

this study, we also found that the occurrence of LOHC may be
Frontiers in Oncology 09
related to BK virus in the urine. Almost all HC patients had

positive results for BK virus in the urine, and the virus copy

number was relatively high (average 1.92×108 copies/ml).

However, there was no significant relationship between BK

virus load and the severity and duration of LOHC. In

addition, there was no obvious relationship between LOHC

and JC virus in the urine. We also found that the BK and JC

viruses in the blood were detected in LOHC patients, which

suggests that the detection of BK and JC viruses in the blood may

not have clinical significance for the diagnosis of LOHC.

Lunde et al. (27) analyzed 1321 (787 males and 534 females)

patients who received allo-HSCT, including 219 HC patients,

and found that LOHC was more common in males. Lam et al.

(29) retrospectively analyzed 661 patients after allo-HSCT and

found that male was a risk factor for LOHC. Similarly, Asano

et al. (30) indicated that the incidence of LOHC in males was

significantly higher than that in females. However, Leung et al.

(31) and Seber et al. (32) believed that gender was not related to

the occurrence of LOHC. Consistently, in this study, we found

that the cumulative incidence of LOHC in female patients was

higher than that in males, but the difference was not

statistically significant.

Lunde et al. (27) found that LOHC was more common in

patients aged 0-20 years old. However, Leung et al. (31) revealed

that there was no significant relationship between age and

LOHC. Our results showed that younger patients had a higher

cumulative incidence of LOHC, especially those under 27 years

of age (the median age of LOHC in this study). Therefore, it is

necessary to dynamically monitor the BK virus in the urine and

clinical symptoms of young patients after allo-HSCT to actively

prevent the occurrence of LOHC.
FIGURE 9

The three years expected PFS in patients with mild LOHC and severe LOHC was 76.4% (95%CI, 63.38%~90.42%) and 60.5% (95%CI, 39.1%
~81.9%), respectively.
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Lee et al. (33) showed that acute GVHD of III ~ IV degree

was a risk factor for LOHC. However, the mechanism is still

unclear. It is considered that as a target organ, the urothelium

may be attacked by GVHD, which causes extensive mucosal

damage and severe HC bleeding (33, 34). Salamonowicz-

Bodzioch M et al. (34) conducted univariate and multivariate

analysis on 133 children undergoing HSCT and found that acute

GVHD was a risk factor for HC. They concluded that excessive

immune responses and immunosuppressive agents related to

acute GVHD may play a key role in HC occurrence. Here, the

number of cases in our study was relatively small, and it was

difficult to perform a bladder biopsy when the patient had

LOHC. Therefore, we cannot clarify the relationship between

acute GVHD and LOHC. In our study, the median duration of

LOHC was relatively long, mainly because there were 7 severe

LOHC patients with a disease course of more than 60 days,

including 1 case with LOHC duration of 110 days and 1 case

with LOHC duration of 163 days. Among these 7 patients, 5

cases had grade 3 intestinal acute GVHD and 2 cases had grade 2

liver acute GVHD. The acute GVHD was treated with

glucocorticoids, MTX or IL-2RAs. The co-occurrence of severe

LOHC and acute GVHD suggests that LOHC may be a clinical

manifestation of GVHD, or that GVHD may aggravate LOHC.

Interestingly, we found that compared with AML patients, the

incidence of LOHC was higher in ALL patients. We speculate

that this may be related to the higher BK virus infection in ALL

patients, or to the earlier reduction of immunosuppressive

agents and the higher incidence of GVHD.

Recent studies have shown that although LOHC associated

with BK virus infection can increase the risk of TRM, its impact on

OS is limited (5, 6, 13, 35). Arai et al. (36) found that there was no

statistical difference in OS between patients with and without

LOHC. However, compared with mild LOHC (degree I-II) and

non-LOHC patients, the OS of severe LOHC (degree III) was

significantly lower. Lunde et al. (27) reported that the difference in

OS between patients with and without LOHC, nor between patients

with different LOHC severity (degree I-II and degree III-IV) was not

significantly different. Kerbauy et al. (2) demonstrated that

compared with patients without LOHC, the OS of patients with

LOHC was significantly affected. Among them, degree III-IV

LOHC significantly reduced the survival of patients, while degree

I-II LOHC had no significant effect on survival. Overall, severe

LOHC may affect the survival of patients. Our results showed that

the 3-year expected PFS of patients with and without LOHC was

not statistically significant, and the severity of LOHC had no

significant effect on PFS. However, in AML patients, the

prolonged LOHC duration affected the patients’ PFS. Although

no significant effect of LOHC on survival was observed, our results

still suggest that timely and effective treatment of severe LOHC is

very important to further the potential adverse effect of LOHC on

survival of patients.

In this study, there was no death case in 64 patients with

LOHC, suggesting that timely and effective treatment may be
Frontiers in Oncology 10
helpful to improve PFS. Based on our experiences, it is difficult to

completely prevent the occurrence of LOHC after haplo-HSCT.

Timely treatment such as fluid replacement and diuresis may

reduce the progression of mild LOHC to severe LOHC. Our

stratified treatment strategy for LOHC patients is as follows: 1)

For patients with HC related with BK and other viruses,

cidofovir is the first-line treatment with an effective rate of

60%-86% (37–39). In China, however, cidofovir is still not

easily available. Therefore, it is necessary to reduce or stop

glucocorticoids and other immunosuppressive agents when

there is or may be GVHD. Continuous intravenous infusion of

human immunoglobulin for 3-4 days to enhance the patient’s

non-specific immunity is also beneficial. 2) Studies (40, 41) have

shown that aGVHD is a risk factor for the occurrence of LOHC.

In our study, some patients had GVHD before the onset of

LOHC, especially when there was positive virus infection. When

LOHC may be related to GVHD, Methylprednisolone was given

to severe LOHC patients, with the treatment course of generally

3-5 days. 3) For patients with refractory and prolonged LOHC,

ADSCs infusion was performed. Aronsson-Kurttila et al. (42)

treated 11 patients with HC after HSCT with MSC and found

that the average disappearance time of hematuria was 22 days. In

the study of Wang et al. (43), 7 out of 33 HC patients were

treated with MSC, and good results were also achieved. In this

study, 5 cases of LOHC patients received ADSCs treatment, all of

whom were refractory and protracted. The minimum infusion

dose of ADSCs was 0.9×106/kg, and the maximum was 1.4×106/

kg, with a minimum of 3 infusions and a maximum of 5

infusions. All 5 patients were cured.

The results of this study showed that after haplo-PBSCT,

patients still had a higher incidence of LOHC. Although LOHC

had no obvious effect on PFS after transplantation, it is still a

potentially life-threatening complication after transplantation.

Therefore, timely and effective treatment of LOHC are the basis

for promoting the long-term survival of patients. In the future, it

is necessary to further explore the relationship between LOHC

and PFS, as well as the etiology, pathogenesis and treatment

methods of HC, in order to develop a systematic treatment

system to further improve the quality of life of patients.
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