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Abstract
Introduction Severe hemorrhagic cystitis (HC) is still a common complication after allogeneic hematopoietic stem cell
transplantation, which affects the quality of life of patients, and may even cause kidney failure. This study reports the clinical effect of
adjuvant treatment of adipose-derived mesenchymal stem cells (ADSCs) on severe refractory HC after of reduced intensity
conditioning haplotype high-dose peripheral blood hematopoietic stem cell transplantation (RIC-PBSCT) in one case.

Patient concerns A 53-year-old female patient with acute myeloid leukemia (FLT3-ITD) at high risk received RIC-PBSCT. The
patient was relieved with complete donor chimerism of 99.01%, and normal hemogram. However, the patient developed frequent
urination, urgency, and dysuria with gross hematuria with blood clots and difficult urinating, especially at night and early in the
morning. There were obvious hyperemia and bleeding points in the mucosa of the posterior wall of the bladder.

Diagnosis The patient was diagnosed as delayed HC of degree IV.

InterventionsandOutcomes The patient was treated with antiviral drugs, urine alkalization, and diuretic drugs for more than 1
month, but no significant effect was obtained. Thus, the patient was then given ADSCs (1�106kg per kg of body weight, infused
once a week for a total of 3 infusions). Symptoms of frequent urination, urgency, and dysuria that happened during the first infusion
were improved, and blood clots in the urine were also reduced. After the third infusion, HC symptoms disappeared, the red blood
cells were normal, and there was no fever, chills, low infusion blood pressure, or rash. The patient’s HC was cured. During follow-up,
HC recurrence was not observed.

ConclusionADSCs adjuvant treatment of relapsed and refractory severe HC is safe and reliable with good clinical efficacy. It shows
certain clinical application value, which however requires more clinical cases to further verify this.

Abbreviations: ADSCs = adipose-derived mesenchymal stem cells, GVHD= graft-versus-host response, HC = hemorrhagic
cystitis, MSCs = mesenchymal stem cells, RIC-PBSCT = reduced intensity conditioning HLA haploid-combined peripheral blood
hematopoietic stem cell transplantation.
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1. Introduction

Hemorrhagic cystitis (HC) is one of the common complications
after allogeneic hematopoietic stem cell transplantation, with the
incidence of 3% to 35%.[1] Hematuria (microscopic hematuria
and gross hematuria), frequent urination, urgency, and dysuria
are the main manifestations. HC is classified into microscopic
hematuria (Degree I); gross hematuria (Degree II); gross
hematuria with blood clots (Degree III); gross hematuria and
blood clots with urethral obstruction (Degree IV).[2] Degree I to
III HC is mild, while degree III to IV HC is severe. HC is
considered to bemainly related to viral infections. The commonly
used treatment methods are antiviral, fluid replacement, alkaline
urine, and diuretic treatments, but some patients show poor
treatment effects, which may lead to renal insufficiency.[3–5] It is
reported that mesenchymal stem cells (MSCs) may be used as
adjuvant therapy for severe HC.[6]

In this study, a patient with high-risk acute myeloid leukemia
received a reduced intensity conditioning hematopoietic stem cell
transplantation. The patient developed degree IVHC at 2months
after transplantation. After conservative medical treatment and
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interventional treatment, HC was not improved. However, a
better therapeutic effect was obtained after treatment with
adipose-derived MSCs (ADSCs).
Figure 1. Findings by cystoscopy. The congestion of the posterior wall of the
bladder showed obvious hyperemia.
2. Case presentation

2.1. Ethical approval

This study was approved by theMedical Ethics Committee of the
First Affiliated Hospital of Xinjiang Medical University. The
patient’s consent has been obtained in advance for the collection
and publication of the relevant data of the paper.
The patient (female, 53 years old, Han nationality) was

diagnosed with acute myeloid leukemia (FLT3-ITD) at high risk.
In April 2018, the symptoms were not relieved after receiving
IDA+Ara-C chemotherapy, but was relieved after being given G-
CSF (granulocyte-stimulating factor)+Acla+Ara-C (CAG) che-
motherapy. Later, CAG chemotherapy was given again, and a
reexamination of the bone marrow showed remission of the bone
marrow. HLA typing was performed. In August 2018, the patient
received a reduced intensity conditioningHLA haploid-combined
peripheral blood hematopoietic stem cell transplantation (RIC-
PBSCT). The donor was the patient’s son, and the haploid was
matched by 5/10. RIC-PBSCT was performed using a reduced
intensity conditioning haploid high-dose non-in vitro T-cell-
derived PBSCT protocol, which was proposed in 2013 by the
Hematology Center. The reduced intensity conditioning protocol
was FAB (fludarabine injection, 30mg/m2, -9 to -5 days;
cytarabine injection, 2g/m2, -9 to -5 days; Malilan injection,
3.2mg/kg/day, -4 to -3 days; rabbit anti-human thymocyte
immunoglobulin, 2.5mg/kg, -4 to -1 days). Graft-versus-host
response (GVHD) prevention, infection prevention, and sup-
portive care were routinely performed.[7] G-CSF was used to
mobilize PBSC of donors for 2 days. The total number of
obtained stem cell MNCs was 21.65�108/kg, and the total
number of CD34+ was 12.84�106/kg. At 15 days after
transplantation, the donor and recipient gene chimerism status
was at complete donor chimerism status with a chimerism rate of
99.28%. The patient’s HLA type changed to donor type after 30
days. The rate of complete donor chimerism was 99.01%, and
the hemogram returned to normal.
In October 2018, the patient developed frequent urination,

urgency, and dysuria with gross hematuria with blood clots and
difficult urinating, especially at night and early in the morning.
Upon routine urine examination, erythrocytes were in full field of
view. There were no bacteria in urine. B-ultrasound showed no
obvious abnormalities in both renal ureter and bladder. BKV-
DNA in urine was 1.33�106copies/mL. Cystoscopy indicated
obvious hyperemia and bleeding points in the mucosa of the
posterior wall of the bladder (Fig. 1). Therefore, the patient was
diagnosed as delayed HC of degree IV.
The treatment method included antiviral treatment of

ganciclovir; large-dose fluid infusion. The daily infusion volume
was calculated as 100 to 120mL/kg/day, and it lasted for 24
hours; sodium bicarbonate was used to alkalize urine; diuresis:
furosemide injection 20mg/time, once every 6hours (or
adjusting the dosage according to the specific symptoms of
the patient); bladder hemostasis with Prostaglandin E1. After
treatment, the patient’s symptoms of frequent urination,
urgency, and dysuria did not improve but worsened. The
patient had blood clots during morning and the symptoms of
hematuria were obvious. The pain score was 4 points, and the
2

ECOG score was also 4 points. Due to severe bleeding,
recombinant human coagulation factor VIIa (2U) was used on
January 3, 2019, with an interval of 8hours. After 5 days of
treatment, the patient’s urinary red blood cell count remained
repetitive and the symptoms of dysuria did not improve. The
pain score was still 4 points. On January 17, 2019, cystoscopy
showed that the congestion of the posterior wall of the bladder
exhibited obvious hyperemia, indicating cystitis. Considering
the poor results of conservative treatment, bilateral internal iliac
artery embolization was performed on January 18, 2019.
Hematuria symptoms improved after surgery, but the relief of
dysuria was not obvious. After 5 days, the patient’s urine red
blood cells gradually increased again, and the interventional
treatment for this patient was not effective. The patient was then
treated with alkalization, fluid infusion and diuresis, and
antiviral drugs. The symptoms of frequent urination, urgency,
dysuria, and hematuria were not alleviated.
Due to severe HC and the long course of the disease, the life

quality and mental state of the patient was seriously affected. The
patient was then infused with ADSCs since February 22, 2019.
Flow cytometry showed that CD105 was mainly expressed, and
the transfusion was indeed MSCs (Fig. 2). The patient weighed
39kg and the infusion volume was 3 units (60mL), which
equaled to 3�107/kg. Urine samples were taken during the
infusion process and 2, 4, 8, 12, and 24hours after infusion.
Urine routine tests were then performed daily. After the first
infusion, the patient’s urinary tract irritation symptoms and the
gross hematuria improved, and the pain score was 3 points.
Urinary red blood cells decreased from 21,491cells/mL before
infusion to 533cells/mL. After 1 week, 3 units of ADSCs were
infused again. Frequent urination, dysuria and urgency symp-
toms were further improved. The pain score reduced to 2 points.
Urinary red blood cells decreased from 87/mL before infusion to
34/mL. One week later, the patient was infused with ADSCs for
the third time, and the infusion volume climbed up to 4 units. The
infusion process was smooth. The patient’s urinary tract



Figure 2. Flow cytometry measurement of MSCs. (A) Gating of MSCs. (B) Negative results with isotype antigen IgG1 PE. (C) Negative expression of CD45 on
MSCs. (D) Negative expression of HLA-DR on MSCs. (E) Positive expression of CD105 on MSCs.
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irritation symptoms were not obvious after the infusion. Pain
score was 2 points. There was also a decrease in red blood cells,
from 33/mL before infusion to 18/mL. The patient had no
symptoms of urinary tract irritation, and no macroscopic or
microscopic hematuria. These suggest that HCwas resolved. The
patient has been followed up for more than 2 years. She is
currently alive and healthy and is regularly followed up in our
hospital.

3. Discussion

HC is a common complication after HSCT. The mild symptoms
are only microscopic hematuria, while the severe ones can cause
urinary tract obstruction and even obstructive renal failure,
which affects patients’ health and life quality. Severe GVHD and
viral infection are themost important risk causes of delayed-onset
HC.[8] The possible reasons could be that GVHD can damage
endothelial cells of parenchymal organs, causing damage to
multiple organs (e.g., bladder). The recipient’s bladder urothelial
cells, especially the cells expressing viral antigens, are more likely
attacked by donor lymphocytes. Another possible reason may be
the application of immunosuppressive agents in the treatment of
GVHD after allo-HSCT.[4] In GVHD, the bladder mucosal
epithelial cells may be destroyed, leading to the occurrence of HC.
It is believed that HC is also related to virus infections, like
BK,[3,5] CMV, and influenza infections.[9] The patient reported in
this study had BK virus and JC virus infections, both of which
showed high copy numbers.
3

MSCs can be easily isolated and enriched from a variety of
tissues such as bone marrow, adipose tissue, or umbilical cord in
vitro.[10]. The bone marrow is the gold standard tissue for MSC
extraction. However, there are still some limitations for MSC
extraction from bone marrow, such as the small number of bone
marrow, and the decrease in the number of MSCs as the aging of
the donor.[11] On the contrary, the adipose tissue is abundant and
easy to obtain, and can serve as a rich source of MSCs. In this
study, the patient was infused with ADSCs, which showed
significant curative effects.
In a previous study,[12] MSCs were used to treat acute GVHD,

and about half of patients were effectively treated. Acute GVHD
is also an important pathogenic factor of HC.[8] MSCs have low
immunogenicity and exert immunomodulatory effects in vitro.
They can inhibit the allogeneic activity of lymphocytes in culture
of mixed lymphocytes,[13] and are useful for tissue repair,
cartilage defects, and tendons. MSCs have attracted great
attention in the field of transplantation,[14] which has the
potential to directly differentiate into bladder mucosal epithelium
and stimulate tissue repair through paracrine effects. Therefore,
for patients with HC, the application of MSCs is expected to
become a new treatment option.
To date, there is limited research on the use of MSCs in treating

tissue toxicity caused by transplantation, such as severe delayed
HC.[12,15] In a previous study,[6]MSC therapywas used in 7 severe
HC cases of 33HC patients and these 7 cases all received at least 1
MSC infusion. Ringden et al [12] showed that MSCs treatment
could reduce the amount of blood transfusion and cure patients
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with mild HC. For severe HC patients, cystectomywas needed.[16]

Therefore, the early use ofMSC to treatHC is of great importance.
However, the safety of MSCs treatment still needs attention.

An open randomized controlled trial [17] reported that MSCs
could prevent GVHD during HSCT, but the leukemia recurrence
rate was significantly higher. Therefore, MSCs, as an emerging
treatment, must be used very carefully before conducting large-
scale clinical trials.
In conclusion, MSCs can be an effective treatment for severe

HC, especially in patients with long duration and poor
conventional treatment. It has good clinical application pros-
pects. However, more clinical investigations are needed to further
verify this.
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