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Treatment of late-onset hemorrhagic cystitis after allogeneic
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Abstract
We aimed to evaluate the treatments, particularly the role of corticosteroids, in patients with late-onset hemorrhagic cystitis
(LOHC) after allogeneic hematopoietic stem cell transplantation (allo-HSCT). One hundred and sixty-three consecutive patients
who underwent non-T-cell-depleted allo-HSCT and met the criterion of LOHC after allo-HSCTwere enrolled in this study. The
median time from allo-HSCT to the occurrence of LOHCwas 29 (range, 4–155) days. Pathogens identified in blood and/or urine
samples from 143 patients were mostly viruses. All of the patients with LOHC received intravenous fluid hydration, alkalization,
and forced diuresis, of which 2 patients achieved complete remission (CR) after these treatments. The remaining 161 patients
received anti-infection therapies and 71 achieved CR after the therapies. Corticosteroids were additionally applied to 83 out of 90
patients who did not achieve CR after anti-infection therapies, and 88.0% (n = 73) of them showed a grade 3 to 4 LOHC at the
beginning of corticosteroid therapy. Thirty-five patients showed an immediate response (CR or downgraded at least one grade)
within 1 week after the beginning of the corticosteroid therapy. Sixty-four patients (77.1%) achieved CR after corticosteroid
therapy, and the median period from the beginning of corticosteroid therapy to CR was 17 days. Thus, we observed that viruses
were the most common pathogens in LOHC after allo-HSCT and that anti-infection therapies were critical. For patients not
showing a satisfactory response to anti-infection therapies, additional corticosteroid therapy may help to achieve CR.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is an effective treatment for hematological malignan-
cies. Although transplantation techniques have progressed
significantly, late-onset hemorrhagic cystitis (LOHC) is still
one of the major complications, with an incidence rate varying
from 6.5 to 49% [1, 2]. It can cause mortality and lead to a low
survival rate [3, 4].

There are several therapeutic methods for LOHC, includ-
ing ensuring appropriate hydration, hematological homeosta-
sis (maintaining high platelet counts, appropriate red cell
counts, and levels of clotting factors), pain relief, catheteriza-
tion for cystoscopic clot extraction, continuous bladder irriga-
tion with normal saline for prevention of clots and bladder
tamponade, anti-infection (particularly antiviral), hyperbaric
oxygen, estrogen, clotting factors, and keratinocyte growth
factor therapies [5]. Although LOHC tends to be self-
limiting after 1 or 2 weeks, some patients, particularly the
patients who received alternative donor allo-HSCT, can show
refractory LOHC which can persist for several months [6].
Refractory LOHC may lead to poor quality of life, even mor-
tality, after allo-HSCT. Given the assumption that alloimmune
injury might also be involved in the pathogenesis of LOHC
[7], Huang et al. [8] used corticosteroids to treat patients with
refractory LOHC, and all of them achieved complete remis-
sion (CR). However, the small sample size of the patients (n =
11) in this pilot study limited the ability to further identify the
efficacy of corticosteroids in the treatment of LOHC. Thus, in
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the present retrospective study, we aimed to further evaluate
the treatments, particularly the use of corticosteroids, in pa-
tients with LOHC after allo-HSCT.

Materials and methods

Patients

A total of 646 consecutive patients underwent non-T-cell-
depleted allo-HSCT at the Peking University Institute of
Hematology (PUIH) from January 1, 2016, to December 31,
2016: 31, 118, and 497 had undergone human leukocyte an-
tigen (HLA)-unrelated donor (URD) HSCT, HLA-identical
sibling donor (ISD) HSCT, and HLA-haploidentical related
donor (haplo-RD) HSCT, respectively. One hundred and
sixty-three patients who met the criterion of LOHC after
allo-HSCT were enrolled in this study: 6, 8, and 149 had
undergone URD HSCT, ISD HSCT, and haplo-RD HSCT,
respectively (Table 1). The final follow-up visits for the end-
point analysis were conducted on July 31, 2017. Informed
consent was obtained from all patients or their guardians,
and the study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved
by the Ethics Committee of Peking University People’s
Hospital.

Transplantation regimen

Preconditioning consisted of cytarabine, busulfan
(3.2 mg kg−1 day−1, administered intravenously on days − 8
to − 6; day 0 being the first day of donor cell infusion), cyclo-
phosphamide (1.8 g m−2 day−1, days − 5 to − 4), and simustine
(250 mg m−2, day − 3). Cytarabine was administered at
4 g m−2 day−1 (days − 10 to − 9) to the haplo-RD group, at
2 g m−2 day−1 (days − 10 to − 9) to the URD group, and at
2 g m−2 day−1 (day − 9) to the ISD group. Rabbit
antithymocyte globulin (thymoglobulin, 2.5 mg kg−1 day−1,
days − 5 to − 2; Sanofi, France) was administered to the haplo-
RD and URD groups [9, 10]. Granulocyte colony-stimulating
factor (G-CSF)-mobilized, fresh, and unmanipulated bone
marrow (BM) and peripheral blood harvests were infused into
the recipients on the day of collection. In addition, the patients
received cyclosporine A (CSA), mycophenolate mofetil
(MMF), and short-term methotrexate (MTX) as graft-versus-
host disease (GVHD) prophylaxis [11]. Donor selection, HLA
typing, and stem cell harvesting were performed as described
previously [12, 13]. Minimal residual disease (MRD)-directed
immunotherapy (e.g., donor lymphocyte infusion and
interferon-α) was given before hematological relapse, as a
preemptive intervention therapy, 2 months post-HSCT [14,
15]. Comorbidities in HSCT recipients were assessed by the

hematopoietic cell transplantation-specific comorbidity index
(HCT-CI) [16].

Table 1 Patient characteristics

Characteristics LOHC group
(n = 163)

Median age at HSCT, years (range) 30 (6–61)

Sex, n (%)

Male 102 (62.6)

Female 61 (37.4)

Diagnosis, no. (%)

AML 57 (35.0)

ALL 68 (41.7)

MDS 14 (8.5)

SAA 12 (7.4)

Others 12 (7.4)

Disease status at transplantation, n (%)

Standard risk 144 (88.3)

High risk 19 (11.7)

Chemotherapy prior to HSCT, n (%) 138 (84.7)

Donor–recipient relation, n (%)

Father–child 64 (39.3)

Mother–child 10 (6.1)

Sibling–sibling 47 (28.8)

Child–parent 32 (19.7)

Others 10 (6.1)

Donor type, n (%)

HLA-identical sibling donor 8 (4.9)

HLA-haploidentical related donor 149 (91.4)

HLA-unrelated donor 6 (3.7)

Number of HLA-A, HLA-B, and HLA-DR mismatches, n (%)

0 12 (7.4)

1 2 (1.2)

2 10 (6.1)

3 139 (85.3)

ABO matched

Matched 80 (49.1)

Major mismatched 39 (23.9)

Minor mismatched 34 (20.9)

Major–minor mismatched 10 (6.1)

HCT-CI before HSCT, n (%)

0 96 (58.9)

1–2 48 (29.4)

≥ 3 19 (11.7)

Median duration of follow-up after HSCT, days (range) 198 (53–410)

AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, HLA
human leukocyte antigen, HCT-CI hematopoietic cell transplantation-
specific comorbidity index, HSCT hematopoietic stem cell transplanta-
tion, LOHC late-onset hemorrhagic cystitis, MDS myelodysplastic syn-
drome, SAA severe aplastic anemia
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Infection prevention regimen

All of the patients were hospitalized in rooms with high-
efficiency particulate-arresting (HEPA) air filters for 4–
5 weeks, from day − 10 until the time at which neutrophil
recovery was achieved. All of the patients received oral anti-
biotics (e.g., fluoroquinolone) for gastrointestinal decontami-
nation before and during the period of neutropenia. The pa-
tients also received trimethoprim–sulfamethoxazole to pre-
vent Pneumocystis carinii infection from days − 10 to + 180,
fluconazole or itraconazole capsules for invasive fungal infec-
tion from days − 10 to + 75, and acyclovir (200–400 mg) for
herpes simplex virus and varicella-zoster virus, administered
orally, twice daily, from day + 1 until the time of CSA discon-
tinuation. Ganciclovir (5 mg kg−1) was administered intrave-
nously, twice daily, from days − 9 to − 2, for prophylaxis
against cytomegalovirus (CMV) infection. The infection sur-
veillance and treatment protocols used at our institute have
been described in detail elsewhere [17].

Detection of pathogens

Blood and urine samples were subjected to real-time polymer-
ase chain reaction (PCR) and reverse transcription-PCR as-
says for the detection of herpesviruses (herpes simplex virus
[HSV] types 1 and 2, Epstein–Barr virus [EBV], CMV,
varicella-zoster virus, and human herpesvirus-6 [HHV-6]), re-
spiratory viruses (respiratory syncytial virus [RSV],
parainfluenza virus [PIV], influenza types A and B, human
metapneumovirus [hMPV], human rhinoviruses [HRVs], hu-
man coronaviruses [CoVs; OC43, 229E, NL63, and HKU1],
and human bocavirus), polyomaviruses (BK virus and JC vi-
rus), adenovirus, parvovirus B19, norovirus, and enterovirus
(coxsackievirus and enterovirus 71) [18]. For positive CMV
and EBV samples, the pathogen load was determined by
quantitative PCR. Additionally, urine samples were subjected
to Gram, fungal, and acid-fast bacilli staining, and to bacterial
and fungal cultures. These staining and cultures were also
performed on blood samples from patients who presented with
fever. Blood and urine samples were tested repeatedly weekly.

Definition, prophylaxis, and management of LOHC

Diagnosis of hemorrhagic cystitis (HC) required the presence
of sustained hematuria along with dysuria and/or lower ab-
dominal pain. Diagnosis of LOHC required that the symptoms
of HC occurred beyond 3 days post-transplantation. The se-
verity of HC was graded according to the published criteria:
grade 1, microscopic hematuria on more than two consecutive
days; grade 2, macroscopic hematuria; grade 3, macroscopic
hematuria with clots; grade 4, macroscopic hematuria with
clots and impaired renal function secondary to urinary tract
obstruction [1]. Severe LOHC was defined as grade 3 to 4

LOHC, and non-severe LOHC was defined as grade 1 to 2
LOHC.

As prophylaxis for HC, all of the patients were given
3 L m−2 day−1 of intravenous fluid, from 4 h before to 24 h
after the administration of cyclophosphamide. Sodium 2-
mercaptoethanesulfonate was given intravenously, at a dose
of 15 mg kg−1, prior to cyclophosphamide administration and
every 8 h thereafter, over 24 h, until the last dose of cyclo-
phosphamide [19].

With the diagnosis of LOHC, along with the supportive
therapies (ensuring appropriate hydration, alkalization, forced
diuresis, hematological homeostasis, and pain relief), the pa-
tients without GVHD were subjected to tapering of immuno-
suppressant. The anti-infection therapies included antiviral
and antimicrobial therapies. The patients showing CMV-
negative blood and urine samples could receive empirical an-
tiviral therapies with 5 mg kg−1 day−1 of intravenous ganci-
clovir or 80–120 mg kg−1 day−1 of intravenous foscarnet so-
dium [19, 20]. However, the patients showing CMV-positive
blood and/or urine samples should receive anti-CMV thera-
pies, i.e., 10 mg kg−1 day−1 of intravenous ganciclovir or
180 mg kg−1 day−1 of intravenous foscarnet sodium. The pa-
tients with refractory CMV infection, that is, CMV DNAemia
lasting for > 2 weeks despite the administration of a full dose
of antiviral drug therapy, received the combination of foscar-
net and ganciclovir. Antiviral therapies were given for 10–
14 days or until 1 week after the virus tests became negative.
The patients could also receive empirical antimicrobial thera-
pies, such as carbapenem, cephalosporins containing the β
lactamase inhibitor, fourth- or third-generation cephalosporin,
or quinolone, for at least 3 days.

For the patients who did not achieve CR after anti-infection
therapy, an additional corticosteroid therapy was applied. The
dose was prednisone 1 mg kg−1 day−1, if the patient’s weight
was < 50 kg, or prednisone 50 mg day−1 for patients whose
weight was > 50 kg. Prednisone could be changed by equiv-
alent doses of dexamethasone or methylprednisolone. The pa-
tients’ response was evaluated 7–10 days later. For the patients
responding to corticosteroids, the dose of corticosteroids was
reduced, weekly, to two thirds of the dose of the previous
week [20]. However, for the patients having other
transplant-related complications that also needed corticoste-
roid therapy during LOHC (e.g., GVHD), the initial time,
dosage, and duration of corticosteroid therapy were applied
according to these transplanted complications instead of
LOHC.

How to manage patients with concurrent active GVHD,
CMV infection, and LOHC was critical in the treatment of
refractory LOHC in the present study. For the patients having
concurrent CMV infection and refractory LOHC, we sug-
gested that systemic corticosteroid therapy could only be con-
sidered when the virus was cleared but the LOCHwas not CR.
However, for the patients having concurrent grade II to IV
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acute GVHD and refractory LOHC, systemic corticosteroid
therapy should be added immediately with the use of empiri-
cal antiviral therapies or anti-CMV therapy (Fig. 1).

The criteria of therapeutic efficiency for LOHC were as
follows: (1) CR, HC symptomswere relieved and microscopic
hematuria disappeared, and there was no recurrence in the
week after achieving CR; (2) partial remission (PR), HC
symptoms had significantly improved (such as > 25% reduc-
tion in the frequency of urination or relief from dysuria and
burning) and/or gross hematuria was downgraded at least one
grade, but CR was not achieved; and (3) non-remission (NR),
HC symptoms and hematuria did not improve or showed sig-
nificant deterioration (e.g., gross hematuria upgraded at least
one grade).

Definitions and assessments

The patients were classified as Bhigh risk^ if they (1) had acute
leukemia in its third complete remission (CR3) or greater; (2)
had acute leukemia in PR, in NR, or in a state of relapse before
HSCT; and (3) had chronic myeloid leukemia after the first
chronic phase. All the other patients were stratified into
standard-risk categories. Neutrophil engraftment was defined
as the first day when the absolute neutrophil count was ≥
0.5 × 109 L−1 for three consecutive days, and platelet engraft-
ment was defined as the first day when the platelet count was
≥ 20 × 109 L−1 for seven consecutive days without transfu-
sion. GVHD was diagnosed in accordance with the accepted
international criteria [21, 22]. Relapse was defined as morpho-
logic evidence of disease in samples from the peripheral
blood, bone marrow, or extramedullary sites, or by the recur-
rence and sustained presence of pre-transplantation chromo-
somal abnormalities. Patients exhibiting MRD were not clas-
sified as showing relapse. Non-relapse mortality (NRM) was
defined as death by any cause in the first 28 days post-HSCT
or death without evidence of disease recurrence beyond day

28. Overall survival (OS) events were defined as death from
any cause. Disease-free survival (DFS) was defined as the
survival period with continuous CR.

Statistical analysis

Data were censored at the time of death, relapse, or the last
available follow-up. Continuous variables were compared
using the Mann–Whitney U test; categorical variables were
compared using the χ2 test and Fisher’s exact test. The
Kaplan–Meier method was used to estimate the probability
of survival. Competing risk analyses were used to calculate
the cumulative incidence of LOHC, using Gray’s test to eval-
uate differences between the groups [23]. NRM and relapse
were the competing events. The level of significance was set
at P < 0.05. All reported P values were based on two-sided
tests. Data analyses were primarily conducted with SPSS soft-
ware (SPSS Inc., Chicago, IL, USA), while the R software
package (version 2.6.1; http://www.r-project.org) was used
for competing risk analysis.

Results

Patient characteristics

Table 1 summarizes the characteristics of the 163 patients with
LOHC in this study. Fifteen were children (9.2%) and the
other 148 were adults (90.8%). All the patients achieved neu-
trophil engraftment within 30 days after HSCT, with a median
time to neutrophil engraftment of 15 (range, 10–25) days.
During the follow-up period, 145 patients exhibited platelet
engraftment, with a median time to platelet engraftment of 19
(range, 8–175) days. Six patients showed relapse and 29 died
of NRM after HSCT. The 1-year probability of DFS and OS
after HSCT was 75.3 and 76.9%, respectively. One hundred

Fig. 1 The management of concurrent active GVHD, CMV infection,
and LOHC. For the patients with refractory LOHC only, the dose of
systemic corticosteroid therapy was prednisone 1 mg kg−1 day−1, for
patients whose weight was < 50 kg, or prednisone 50 mg day−1 for

patients whose weight was > 50 kg. For the patients with grade II to IV
acute GVHD, the dose of systemic corticosteroid therapy was
methylprednisolone 1 to 2 mg kg−1 day−1
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and four patients (63.8%) showed acute GVHD, and 15 pa-
tients (9.2%) showed grade III to IV acute GVHD.

The median time from transplantation to the occurrence of
LOHC was 29 (4–155) days. All the patients exhibited fre-
quent and urgent urination and odynuria. Thirty-four patients
exhibited a fever, and the median temperature at LOHC diag-
nosis was 37.7 (37.3–39.6) °C. The median count of white
blood cells, hemoglobin, and platelets on LOHC diagnosis
was 4.00 (range, 0.01–30.90) × 109 cells L−1, 89 (range, 35–
128) g L−1, and 34 (range, 3–194) × 109 cells L−1, respective-
ly. Sixteen (9.8%), 53 (32.5%), and 94 (57.7%) patients
showed grade 3, 2, and 1 LOHC, respectively, at diagnosis.
Ninety-six patients showed progression from the initial grade
to a more advanced grade, and 8 (4.9%), 80 (49.1%), 46
(28.2%), and 29 (17.8%) patients showed grade 4, 3, 2, and
1 LOHC, respectively, at peak. The cumulative incidence of
LOHC at 100 days after HSCT was 25.1% for the total pop-
ulation and 6.8, 29.8, and 19.4% for ISD HSCT, haplo-HSCT,
and URD HSCT recipients (P < 0.001; Fig. 2a). The cumula-
tive incidence of grade 3 to 4 LOHC at 100 days after HSCT
was 9.0% for the total population and 2.6, 10.9, and 3.2% for
ISD HSCT, haplo-HSCT, and URD HSCT recipients, respec-
tively (P = 0.005; Fig. 2b).

Pathogens

Pathogens were identified in blood and/or urine samples from
143 patients: 79 had positive blood samples, 13 had positive
urine samples, and 51 had simultaneous positive blood and
urine samples. Forty-three and 100 patients had infections
caused by single and multiple viruses (≥ 2 types of viruses),
respectively. In blood samples, CMV was the most common
virus (71.8%), followed by BK virus (25.2%), EBV (24.5%),
HSV (5.6%), JC virus (5.6%), HHV-6 (4.7%), ADV (2.8%),

and PIV (0.9%). In urine samples, themost common virus was
BK virus (80.0%), followed by JC virus (21.3%), CMV
(4.3%), and ADV (1.3%). The median plasma and urine viral
loads of CMV were 1.15 × 104/copies (1.00 × 103/copies–
2.05 × 107/copies) and 7.18 × 103/copies (7.08 × 103/copies–
2.48 × 104/copies), respectively, and it was identified simulta-
neously in plasma and urine samples from 2 patients. The
median plasma loads of EBV were 4.14 × 103/copies
(1.00 × 103/copies–5.36 × 105/copies). BK virus was identi-
fied simultaneously in plasma and urine samples from 12 pa-
tients, and JC virus was identified simultaneously in plasma
and urine samples from 3 patients. The most common bacte-
rium identified in urine samples was Escherichia coli (n = 3;
1.8%), followed by Enterococcus faecalis (n = 1; 0.6%),
Proteus mirabilis (n = 1; 0.6%), and Acinetobacter junii (n =
1; 0.6%).

LOHC therapy

Anti-infection therapies

All patients with LOHC received supportive therapies, and 2
achieved CR after these treatments (grade 1: n = 1; grade 2:
n = 1; no pathogens were detected in blood and urine sam-
ples). The remaining 161 patients received anti-infection ther-
apies. All of them received antiviral therapy (72.4% of pa-
tients received anti-CMV therapies, and the other 27.6% of
patients received empirical antiviral therapies). A total of 138
patients received antibacterial therapies. Seventy-one out of
161 patients (44.1%) achieved CR after anti-infection thera-
pies, and the period from the beginning of anti-infection ther-
apies to CR was 13 (range, 1–50) days. The remaining 90
patients (55.9%) did not achieve CR (NR: n = 64; PR: n =
26). The rate of CR after anti-infection therapies was

Fig. 2 Cumulative incidence of late-onset hemorrhagic cystitis. The cumulative incidence of total (a) and grade 3 to 4 (b) late-onset hemorrhagic cystitis
according to different donors
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significantly lower in the severe LOHC group compared to
that of the non-severe LOCH group (12.5 vs. 82.2%,
P < 0.001).

Corticosteroid therapy

For the 90 patients that did not achieve CR after anti-infection
therapies, 7 of them were not subjected to corticosteroid ther-
apy (severe LOHC: n = 4; non-severe LOHC: n = 3), and none
of them achieved CR until the last available follow-up. The
other 83 patients received the additional corticosteroid thera-
py, and 88.0% (n = 73) of them showed a severe LOHC at the
beginning of corticosteroid therapy. Nine patients showed vi-
rus positivity when corticosteroids were administered (CMV:
n = 1; EBV: n = 1; BK virus: n = 7). Thirty-three of the pa-
tients received corticosteroid therapy because of other
transplant-related complications (group A), including GVHD
(n = 26), engraftment syndrome (n = 4), poor graft function
(n = 2), and diffuse alveolar hemorrhage (n = 1). The other
50 patients that received corticosteroid therapy did not have
additional transplant-related complications (group B). The
median period from the beginning of anti-infection therapies
to the beginning of corticosteroid therapy was 10 (range, 0–
98) days, which was significantly shorter in group A than that
in group B (5 vs. 12 days, P < 0.001).

Sixty-nine out of 83 patients (83.1%) responded to cortico-
steroid therapy (CR: n = 50; downgraded at least one grade,
although not achieving CR: n = 19). Thirty-five out of 69
(50.7%) patients showed an immediate responsewithin 1week
after the beginning of the therapy; particularly, 22 achieved
CR within 1 week. For the 19 patients that downgraded at
least one grade after therapy, 14 finally achieved CR. Thus,
a total of 64 patients (77.1%) achieved CR after corticosteroid
therapy. The median period from the beginning of corticoste-
roid therapy to CR was 17 (range, 0–209) days, which was
comparable between groups A and B (18.5 vs. 17 days, P =
0.444). In addition, among the other five patients who
downgraded at least one grade after corticosteroid therapy,
all the symptoms of LOHC were relieved persistently; never-
theless, continuous microscopic hematuria was observed until
the last available follow-up.

Among the 90 patients that did not achieve CR after anti-
infection therapies, the cumulative incidence of CR for LOHC
was significantly higher in the corticosteroid-treated group
than that in the corticosteroid non-treated group (79.0 vs.
0.0%, P = 0.001; Fig. 3).

Other therapies

For the 14 patients that did not show any response to addition-
al corticosteroid therapy, 1 relapsed and did not receive further
therapies for LOHC, and 7 died of NRM (infection: n = 5;
GVHD: n = 1; thrombotic microangiopathy: n = 1). For the

other 6 patients, 4 were subjected to electrocoagulation hemo-
stasis with cystoscope, and all of them achieved CR after
cystoscopy. For the remaining 2 patients, corticosteroid ther-
apy was discontinued, and the patients were subjected to in-
travenous fluid hydration, alkalization, forced diuresis, con-
tinuous bladder irrigation with normal saline, and anti-
infection therapies. CR was achieved at the last available fol-
low-up. The treatments of LOHC are summarized in Fig. 4.

Discussion

Although transplantation techniques have progressed signifi-
cantly, LOHC after allo-HSCT continues to seriously influ-
ence patients’ quality of life. In the present study, we observed
that viruses were the most common pathogens in LOHC after
allo-HSCT. For patients not showing a satisfactory response to
supportive and anti-infection therapies, additional corticoste-
roid therapy may help to achieve CR. The present study was
the largest study identifying the efficacy of corticosteroid ther-
apy in the treatment of LOHC after allo-HSCT.

In the present study, CMV was the most common virus in
patients with LOHC. CMV-associated LOHC has been de-
scribed, as case reports, in some centers [24, 25]. Xu et al.
[19] showed that CMV viremia is a risk factor for LOHC
(RR = 2.20; 95% CI, 0.9–4.22; P = 0.08). Han et al. [26]
showed that the cumulative incidence of LOHC at day 100
in patients with and without CMV viremia (prior to or at the
onset of LOHC) was 56.3 and 16.7% (P = 0.018), respective-
ly, and that CMV viremia (HR = 3.461; 95% CI, 1.005–
11.922; P = 0.049) was an independent risk factor for the de-
velopment of LOHC. Thus, decreasing the occurrence of

Fig. 3 Response to corticosteroids in patients with late-onset
hemorrhagic cystitis showing unsatisfactory response to anti-infection
therapies
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CMV viremia is important to decrease the risk of LOHC after
allo-HSCT. However, we observed that CMV was identified
in urine in only 7 patients, and CMV loads were lower in urine
than in plasma. Thus, the role of CMV in LOHC pathogenesis
should be further elucidated.

BK virus was another important virus for LOHC, which
was the second most common virus in blood samples and the
most common virus in urine samples in the present study.
Several studies showed that LOHC is strongly associated with
the presence of BK virus, although the role of BK virus in
LOHC pathogenesis has not yet been fully elucidated [27, 28].
However, we did not detect copies of BK virus, and we could
not further identify the association between the burden of BK
virus and LOHC.

We observed that pathogens were identified in most pa-
tients (143/163) and viruses were the most common patho-
gens. In addition, many patients (100/143) showed infection
with multiple viruses. Previous studies also reported that virus
infection was the most important pathogenesis for LOHC [4,
5, 26, 28, 29]. Thus, we hypothesized that anti-infection ther-
apies should be the basis for the treatment of LOHC after allo-
HSCT. In the present study, more than 80% of the patients
with grade 1 to 2 LOHC achieved CR after anti-infection
therapies.

Although infection may be the most important cause of
LOHC in allo-HSCT recipients [30], some patients showed
unsatisfactory response to anti-infection treatments, particu-
larly for those with severe LOHC. In the present study, only
12.5% of patients with grade 3 to 4 LOHC could achieve CR
after anti-infection therapies alone. Thus, other pathogeneses,
such as immune injury, may also contribute to the occurrence
of LOHC after allo-HSCT. Ost et al. [31] suggested that post-

engraftment LOHC represent uroepithelial GVHD. Several
studies also reported the association between acute GVHD
and LOHC after allo-HSCT [19, 28]. In the present study,
we observed that more than 60% of the patients showed acute
GVHD. Thus, the association of LOHC with GVHD regard-
ing timing, incidence, and severity suggests that its pathogen-
esis may involve a local inflammatory environment, cellular
immune responses, effector mechanisms, and HLA as well as
non-HLA genetics [5]. In addition, several infectious agents
can trigger autoimmunity via different mechanisms [32], and
several studies have observed that infections, particularly viral
infections, can trigger a graft-versus-host reaction [33–35]. In
the model of Leung et al. [7] for LOHC, infected uroepithelial
cells are attacked by donor lymphoid cells, leading to tissue
destruction. Thus, the role of additional corticosteroid therapy
after anti-infection and supportive therapies is worth consid-
ering in the treatment of patients with LOHC, particularly
those showing unsatisfactory responses to anti-infection ther-
apies. Huang et al. [8] reported that 11 patients with refractory
LOHC received a low dose of corticosteroids, and all of them
achieved CR. In the present study, although 88.0% of the
patients who showed an unsatisfactory response to supportive
and anti-infection therapies and received additional corticoste-
roid therapies had severe LOHC, more than half of them
showed an immediate response to corticosteroid and 77.1%
finally achieved CR. Thus, the additional corticosteroid ther-
apies may be able to significantly shorten and change the
course of LOHC and it may be a potential therapy for
LOHC patients showing unsatisfactory response to anti-
infection therapies.

The present study had several limitations. First, this was a
retrospective study, which might have influenced the accuracy

Fig. 4 Treatments for patients
with late-onset hemorrhagic
cystitis. CR, complete remission;
NR, non-remission; NRM, non-
relapse mortality; PR, partial
remission
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of our findings. Second, we might have underestimated the
occurrence of virus-associated LOHC in this study, because
the number of viruses that could be tested was relatively small.
Third, the several, varied treatments for LOHC introduced
heterogeneity into our study results and reduced the reliability
of our conclusion about the advantage of corticosteroid thera-
py for clinical outcomes in patients with LOHC. Future pro-
spective and multicenter studies will provide more informa-
tion about pathogens and treatments of LOHC after allo-
HSCT.

In summary, we observed that viruses were the most com-
mon pathogens in LOHC allo-HSCT and that anti-infection
therapies were critical for these patients. For patients showing
unsatisfactory response to anti-infection therapies, additional
corticosteroid therapymay help to achieve CR, particularly for
those with severe LOHC.
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