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Abstract: Cyclophosphamide (CTX), has been widely used for treating various human malignancies as well as auto-
immune disease. Although CTX could rapidly decrease the response of immune system, it also could result in severe
adverse effects, such as hemorrhagic cystitis (HC). In this study, we investigated the occurrence of HC in patients
taking CTX from Chinese Han population and divided all cases into different groups according to the methods of
CTX administration. In all cases involved in our study, macroscopic hematuria caused by the primary diseases was
observed in 316 patients (47%) before the initiation of CTX treatment and the symptom in these patients gradually
disappeared during follow-up examination, indicating the hematuria was unrelated with CTX-induced HC. Moreover,
there were 5 macroscopic hematuria cases and 17 macroscopic hematuria cases were classified as urinary tract
infection and can be treated by antibiotics. Only one female patient had been suspected as HC case but the symp-
tom disappeared after switching CTX to mycophenolate mofetil. In conclusion, our data suggested the Chinese Han

population may be highly resistant for CTX induced hemorrhagic cystitis.
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Introduction

Cyclophosphamide, which is under the trade
name of Cytoxan (CTX), is an oxazaphosphorine
alkylating agent, has been generally used for
threating various human malignancies as well
as autoimmune disease [1, 2]. As a nitrogen
mustard alkylating agent from the oxaza-
phosphorine group, CTX could attach the alkyl
group to the guanine base of DNA, at the num-
ber 7 nitrogen atom of the imidazole ring which
forms intra-strand and inter-strand DNA cross-
links to interfere with DNA replication [3]. CTX
itself is a prodrug and it has to be converted by
host enzyme liver cytochrome P450 to form
bioactive metabolites [4].

As a DNA replication inhibitor, CTX has been
widely used for treating different cancers, such
as lymphomas, brain cancer, leukemia [5, 6].
Besides, since CTX could rapidly decrease the
response of immune system [7], it has been
used for treating severe autoimmune diseases

if the disease-modifying antirheumatic drugs
(DMARDSs) have been ineffective, such as sys-
temic lupus erythematosus (SLE) with severe
lupus nephritis, severe rheumatoid arthritis,
granulomatosis with polyangiitis and multiple
sclerosis [2, 8-10]. However, CTX could also
lead to severe adverse effects, such as hemor-
rhagic cystitis (HC) [11], as well as chemothera-
py-induced nausea, vomiting and bone marrow
suppression [12, 13].

Although the mechanism of CTX-induced HC is
still elusive, it is believed that CTX caused oxi-
dative stress mediated by reactive oxygen spe-
cies (ROS) would be the major contributing fac-
tor for HC [14, 15]. The occurrence rate of HC
was ranged from 4% to 36% in autoimmune
patients receiving CTX. However, during the
clinical practice, as SLE in the Asian population
is more severe than it in the Caucasian, in-
creased CTX dose without any prevention of HC
such as co-administration with MES-na is wide-
ly used by doctors for treating individual patient
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in Asia region. However, there is little report
about the occurrence of HC from patients tak-
ing CTX in China may imply the Chinese Han
population is more resistant for CTX-induced
HC than other population. Thus, we conducted
an investigation for the occurrence of HC in
patients taking CTX from Chinese Han popula-
tion. According to our result, only one female
patient had been suspected as CTX induced HC
case as the symptom disappeared after switch-
ing to other immunosuppressant. In conclu-
sion, our data suggested that Chinese Han
population may be highly resistant for CTX
induced hemorrhagic cystitis, but it needs fur-
ther validation.

Materials and methods
Ethics statement

Institutional Ethics Board approval was ob-
tained from the Medical Ethics Committee of
the First Affiliated Hospital of Guangzhou
Medical University. All participating patients
were formally informed for the purpose of using
their medical records and the written informed
consents were obtained from all participants in
this clinical trial.

Patients

A total of 672 adult patients receiving CTX
treatment were included in this investigation.
These patients were admitted to First Affiliated
Hospital of Sun Yat-sen University or Guang-
zhou Medical University from January 2008 to
December 2014. The clinical diagnosis for each
patient was conducted as previously described
[16-23]. To confirm the CTX-induced HC, the
patients were also examined for infection, uri-
nary calculi, tumor as well as other factors con-
tributing to the post-renal hematuria.

CTX dosing, administration and regimen

The dose, methods of administration and regi-
men of CTX for individual patient were deter-
mined by the chief physician. Additional appli-
cation of other drugs such as hormone was
determined by the same physician as well. Both
oral administration and .V were used. For oral
group, CTX was administered daily with the
dose ranged from 50 to 150 mg. For L.V. group,
400 mg to 600 mg CTX was administered along
with 40 mL NS on the weekly or biweekly basis.
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For patients needing pulse intravenous cyclo-
phosphamide therapy, 800 mgto 1000 mg CTX
was administered along with 100 mL NS once
every 3 or 4 weeks. After relieving of the symp-
toms, the following dose and regimen of CTX,
and the requirement for replacing CTX with
other immunosuppressants such as MMF,
Imuran or MTX were all determined by chief
physician as well.

The follow-up examination and endpoint event

After discharge of the patients from hospital,
the follow-up examination was initiated to mon-
itor the occurrence of HC. The urine examina-
tion was conducted for each patient weekly
or biweekly. All the patients had been trained
for self-identification of urethral irritation and
hematuria. If the patient was suspicious for the
symptoms mentioned above, urine examination
would be conducted. Cystoscopy was used to
confirm the occurrence of HC if needed. The
severity of HC was graded according to the gen-
eral standard issued by WHO as follows: Grade
I, microscopic hematuria; Grade Il, macroscop-
ic hematuria; Grade lll, macroscopic or macro-
scopic hematuria with blood clots; Grade 1V,
macroscopic hematuria with blood clots and
urinary tract obstruction. If no HC occurring
after stopping CTX for 3 months, the patients
will be classified as record censored. The times
of follow-up and the cumulative dose of CTX
were recorded as well. If the patient was con-
firmed for HC, the follow-up would be ended.

Statistical analysis

SPSS 15.0 software was used to analyze the
data. Single factor analysis of variance was
used for the comparison between multiple
groups; t test was used for the comparison
between 2 independent groups.

Results
General information of patients

There were totally 672 adult patients (586
females, 87.2%) enrolled in this investigation.
The average age for all patients was 39.1+15.3
years and the average regimen of disease was
19.1+16.8 months. Among all these patients,
there were 389 cases of SLE, which included
235 cases of lupus nephritis, 68 cases of neu-
ropsychiatric lupus, 56 cases of lupus vasculi-
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Table 1. The regimen and accumulated dose of CTX for different autoimmune diseases

Disease Average Regimen (xts) (Months) Accumulated Dose (x+s) (g)
SLE (n=389) 23.4+£18.5 13.849.89
Rheumatoid arthritis (n=72) 17.2+14.2 10.9+9.01
Vasculitis (n=69) 12.8+8.95 16.2+8.15
Undifferentiated connective tissue disease (n=44) 13.7+14.8 7.31+4.21
Mixed connective tissue disease (n=28) 12.5+15.5 9.74+8.89
Sjogren’s syndrome (n=22) 7.45+4.25 9.27+4.79
Polymyositis and dermatomyositis (n=20) 10.849.37 12.3+7.73
Systemic sclerosis (n=19) 11.346.72 13.5+7.95
Relapsing polychondritis (n=5) 7.00+4.64 9.7948.15
Adult onset Still’s disease (n=4) 10.3+3.59 8.23+4.53

Table 2. Administration of CTX and accumulated CTX dose

CTX administration (x£s) (Months)

Average Regimen Accumulated

Dose (x£s) g

Oral
50 mg (n=132) 15.5+12.4
100 mg (n=230) 14.1+11.8
150 mg (n=7) 12.3+6.88
ILV.
400 mg Weekly (n=94) 28.3+24.7
600 mg Weekly (n=119) 19.3+13.7
400 mg Biweekly (n=27) 20.9+£10.7
600 mg Biweekly (n=19) 26.5+12.3
High-dose intravenous pulse (n=44) 32.56+25.7

4 cases received more than 50 g.
The details of CTX administration
and cumulative dose for patients
with different disease were listed
as Table 2.

7.33+6.52
10.0+6.93 The occurrence of hematuria
14.1+7.02
Before the initiation of CTX treat-
17.749.11 ment., all patlgnts were §ubjecteq
to microscopic hematuria exami-
17.2+9.00 nation. While urinary tract irrita-
11.3+5.05 tion was not reported in any pa-
14.1+6.47 tients, microscopic hematuria had
22.4+14.2 been identified in 316 patients

tis, 6 cases of antiphospholipid syndrome, 10
cases of overlap syndrome and 14 cases of
unclassified SLE. For the other patients, there
were also 69 cases of systemic vasculitis syn-
drome, which included 26 cases of Behcet's
disease, 13 cases of polyarteritis nodosa, 9
cases of Wegener’s granulomatosis, 7 cases of
Takayasu arteritis, 5 cases of primary central
nervous system vasculitis, 3 cases of giant cell
arteritis and 6 cases of unclassified vasculitis.
Moreover, there were 72 cases of rheumatoid
arthritis as well. The detailed information for
disease, case numbers, the regimen and cumu-
lative dose of CTX were listed as Table 1.

Administration of CTX and cumulative CTX
dose

The average cumulative dose of CTX for all
patients was 12.9+9.34 g. There were 305
patients and 337 cases receiving the CTX dose
of less than 10 g, or 10-30 g, respectively. Only
26 cases received the CTX dose of 30-50 g and
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(47.0%) which means microscopic

hematuria in these patients was
due to primary cause rather than application of
CTX. Moreover, the symptom of microscopic
hematuria in these patients was gradually dis-
appeared after imitation of CTX treatment.

During the CTX treatment, 17 patients devel-
oped microscopic hematuria which was charac-
terized by increased count of both red and
white blood cell in urine. As presenting of white
blood cell in urine implied the infection of uri-
nary tract, no further hematuria was developed
in them during the remaining CTX treatment
after application of antibiotics treatment.

There were 5 patients developed macroscopic
hematuria during the CTX treatment. Two of
them were SLE patients with transverse myeli-
tis and were caused by urinary tract infections
treating during the treatment of urinary reten-
tion with catheter. The hematuria was relieved
by antibiotics and replacing of the catheter. The
administration of CTX did not evoke repeated
hematuria in these two patients after recover-
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ing from hematuria. Moreover, two lupus
nephritis patients and one scleroderma pulmo-
nary hypertension patient developed macro-
scopic hematuria during the CTX treatment as
well. The urine culture test confirmed the bacte-
rial infection in urinary tract in these patients.
Therefore, the antibiotics were applied to these
patients until disappearing of the hematuria.
After antibiotics treatment, no further hematu-
ria was detected as well.

The occurrence of HC

In all patients enrolled in our study, only one
female patient with lupus nephritis developed
hematuria after weekly LV administration of
CTXfor 9times (600 mg CTX per V). Microscope
examination defined the hematuria as Grade |l
(macroscopic hematuria) without urinary tract
irritation and urinary white blood cell. As the |.V.
CTX alleviated the lupus nephritis and urinary
protein level became negative in this patient,
CTX was replaced by mycophenolate mofetil for
avoiding further deterioration of HC. The mac-
roscopic hematuria disappeared 9 weeks later
after replacement of the drug. Since the patient
refused to conduce cystoscope examination for
confirming hemorrhagic cystitis, this case was
defined as the only suspected HC case in all
patients involved in this investigation.

Discussion

The hemorrhagic cystitis, characterized by dif-
fuse inflammation and hemorrhage in bladder,
has been considered as one of the most severe
side effects during the CTX administration for
patients with life threating autoimmune diseas-
es. However, as hematuria could be caused by
many factors, further examinations were re-
quired to exclude the microorganism infection
and urolithiasis, as well as bladder hemorrhage
due to the invasive tumor for the final confirma-
tion of hemorrhagic cystitis. Previous study
reported an incidence rate of HC was ranged
from 4% to 36% in CTX receiving patients [24].
Large amounts of bleeding due to the necrosis
of bladder mucosal may be life-treating for
patients and it was reported that the mortality
rate for Grade Ill and Grade IV hemorrhagic cys-
titis patients could reach 30% to 40% [25].

According to previous reports focusing on CTX-
induced HC, the HC symptoms were initiated
mainly with macroscopic hematuria or macro-
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scopic hematuria without frequent urination,
urgency and urinary tract irritation. In a retro-
spective study based on 100 HC patients, mac-
roscopic hematuria and urinary tract irritation
were observed in 78% and 45% of patients,
respectively [26]. In another follow-up study
investigating 145 Wegener's granulomatosis
cases, macroscopic hematuria and macroscop-
ic hematuria were observed in 56% and 44% of
total patients, respectively [27]. In 60 cases
examined by cystoscope, HC and HC related
pathological changes caused by CTX was
observed in 42 patients (72%) [27]. All these
studies indicated HC was a common side effect
in CTX receiving patients.

However, in all cases involved in our study, mac-
roscopic hematuria caused by the primary dis-
eases was observed in 316 patients (47%)
before the initiation of CTX treatment and the
symptom disappear during the follow-up peri-
od. Another 22 cases developed hematuria due
to infection and the symptom was alleviated by
antibiotic treatment. All these hematuria cases
mentioned were not related with CTX adminis-
tration. Even with the average cumulative CTX
dose was 12.9 (12.949.34) g. In sum, no con-
firmed HC case was identified except one sus-
pected, implying Chinese Han population may
be highly resistant for CTX-induced HC.

Many reports suggested that occurrence of HC
was correlated with regimen of CTX. In a long
time follow-up study focusing on cumulative
incidence of glomerular hematuria and its relat-
ed risk factors on Wegener’'s granulomatosis
patients, although data did not suggest cumu-
lative regimen of CTX was an independent risk
factor for HC occurrence, 40% patients with
cumulative regimen for more than three year
developed HC and the occurrence rate reached
80% in patients with cumulative CTX regimen
for more than 10 years [28]. However, as there
were 25 patients in this investigation receiving
CTX for more than 5 years, none of them devel-
oped HC.

To evaluate if the administration methods could
be a potential risk factor for CTX induced HC, all
cases included in this investigation had been
further classified into different groups accord-
ing the methods used for CTX administration.
However, only one patient in the oral adminis-
tration group was suspected for HC. Although it
is still uncertain for the issue, there was study
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suggested that patients received CTX via L.V
may be more risky for HC than these who
receive CTX orally [29]. In another report, oral
administration of CTX (50-100 mg) for six
months following with 19 months administra-
tion of 100 mg Azathioprine in Asia population
did not result any HC or HC related complica-
tion, which was consisted with our observation
[30].

In conclusion, our data suggested that HC
induced by CTX was very rare in Chinese Han
population. Whether Han population is more
resistant to CTX-induced HC requires further
validation by larger scale, multi-center and ran-
domized controls-based investigations.
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