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Abstract

Objectives: This study aimed to evaluate the cumulative in-
cidence of overall and severe radiation cystitis following ex-
ternal beam radiation therapy for prostate cancer and inves-
tigate the clinical factors predictive of radiation cystitis.
Methods: This retrospective study comprised 246 patients
who received external beam radiation therapy for localized
or locally advanced prostate cancer between 2013 and 2016
in our institution. Of these, 189 received primary radiation
therapy and 57 received adjuvant/salvage radiation therapy.
Radiation cystitis was recorded using the Common Termi-
nology Criteria for Adverse Events version 5.0 definition, and
severe radiation cystitis was defined as grade 3 or higher. All
medical records were reviewed to calculate the cumulative
incidence of radiation cystitis. Univariate and multivariate
Cox regression analyses were used to evaluate its associa-
tion with clinicopathologic features. Results: The median
follow-up period after radiation therapy was 56 months
(range 5-81). The 5-year cumulative incidence of radiation

cystitis and severe radiation cystitis was 16.2% and 3.0%, re-
spectively. Multivariate analyses identified radiation therapy
in the adjuvant/salvage setting was the sole risk factor asso-
ciated with the development of radiation cystitis (hazard ra-
tio: 2.75, p = 0.02). Conclusions: Radiation therapy in the
post-prostatectomy setting was associated with increased
risk of radiation cystitis compared with radiotherapy as the

primary treatment. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Prostate cancer (PCa) is one of the most common can-
cers, especially in developed countries. For nonmetastat-
ic localized PCa, radical prostatectomy and radiation
therapy (RT) have been established as comparable treat-
ment options [1-3]. Therefore, most patients consider
each treatment option in terms of possible complications.

RT has been frequently applied not only as the prima-
ry treatment for localized or locally advanced PCa but
also as the adjuvant/salvage therapy following radical
prostatectomy. Although the innovation of radiation mo-
dalities has contributed to improvement of tumor control

Karger@karger.com © 2022 The Author(s).
www.karger.com/uin Published by S. Karger AG, Basel
\l This is an Open Access article licensed under the Creative Commons
K p— Attribution-NonCommercial-4.0 International License (CC BY-NC)
a rg ers (http://www.karger.com/Services/OpenAccessLicense), applicable to

the online version of the article only. Usage and distribution for com-

B OPEN ACCESS mercial purposes requires written permission.

Correspondence to:
Yusuke Sato, satoy-uro @h.u-tokyo.ac.jp

G20z ¥snbny €0 uo 3senb Aq ypd €z, 125000/5L9256€/071/S/L01 Apd-8joie/uIn/woo 1ebiex//:dpy wouy pspeojumoq



and safety, patients must be informed of the potential
risks of genitourinary and gastrointestinal toxicities [4].

Radiation cystitis (RC) is a hemorrhagic type of cystitis
caused by RT to the pelvis. The higher the radiation ex-
posure, the greater the risk of developing RC. In addition,
most RC cases have delayed onset times which can occur
as late as 20 years after RT [5, 6]. The true cumulative in-
cidence of RC has been a matter of controversy, ranging
from 9% to 25% in previous reports [7, 8]. The patholog-
ic characteristic of RC is a progressive obliterative endar-
teritis, inducing a bladder hypoperfusion, which results
in atrophy and fibrosis, and subsequently necrosis of the
bladder mucosa and hematuria [6].

The management of RC has been challenging and not
established. Persistent hemorrhage from the bladder mu-
cosa, if irreversible and progressive, would make consider-
ation of transurethral coagulation or hyperbaric oxygen
therapy [9-11]. Furthermore, refractory to these treatments
would require urinary diversion [9]. Hemorrhagic anemia
and infections with RC can even have fatal consequences.

Although several papers have reported the incidence
of genitourinary and gastrointestinal toxicities as adverse
events of RT [4, 12-15], only a few studies have focused
on RC and investigated its potential risk factors. In these
studies, smoking and antithrombotic treatment have
been shown as substantial risk factors for RC [8, 16, 17].
Intensity-modulated radiation therapy (IMRT), which
has revolutionized radiation oncology in recent years, is
expected to reduce radiation exposure to the peripros-
tatic organs, especially the bladder and rectum [4]. It is of
use identifying the incidence of RC in the era of IMRT.
Therefore, in this retrospective study, we investigated the
cumulative incidence of RC, as well as predictive risk fac-
tors for RC in patients who had undergone external beam
radiation therapy (EBRT) for PCa.

Patients and Methods

Study Population

This study was approved by the institutional review board. Be-
tween 2013 and 2016, 269 patients underwent RT for nonmeta-
static PCa at the University of Tokyo Hospital. Of these, we ex-
cluded the patients who underwent brachytherapy with or without
EBRT or were followed less than 3 months, leaving 246 patients
(91%) available for analysis.

Medical reports were reviewed, and the following clinical pa-
rameters were collected: age, gender, comorbidities including
chronic hypertension and diabetes mellitus, administration of an-
tithrombotic drugs, prostate-specific antigen (PSA) level at the di-
agnosis, clinical T stage, grade group, RT setting (primary or adju-
vant/salvage), and radiation cumulative dose (Gy) of the RT.

Cumulative Incidence and Clinical Risk
Factors of Radiation Cystitis

Table 1. Pretreatment patient characteristics

Characteristics N (%)
Patients, n 246
Median age, years (IQR) 70 (66-75)
Median months of follow-up (IQR) 56 (47-64)
Charlson comorbidity index

0 122 (50)

1 62 (25)

2 or greater 62 (25)
Comorbidity

Chronic hypertension 137 (55)

Diabetes mellitus 61 (24)
Antithrombotic treatment 68 (27)
Median PSA, ng/mL (IQR) 8.0 (5.8-16.3)
Clinical T stage

cT1-2 208 (85)

cT3-4 38(15)
ISUP grade group

1 30(12.2)

2 80 (32.5)

3 58(23.6)

4 31(12.6)

5 46 (18.7)

Unknown 1(0.4)
Median radiation dose, Gy (IQR) 76 (70-76)
Radiation setting

Primary 189 (77)

Adjuvant 10 (4)

Salvage 47 (19)
Radiation modality

IMRT 229 (93)

3D-CRT 17 (7)

IQR, interquartile ratio; PSA, prostate-specific antigen; ISUP,
International Society of Urological Pathology; IMRT, intensity-
modulated radiation therapy; 3D-CRT, three-dimensional conformal
radiation therapy.

RC was diagnosed by the occurrence of gross hematuria with-
out other explainable causes such as infection, genitourinary ma-
lignancy, or drug-induced cystitis. Severity was evaluated accord-
ing to the Common Terminology Criteria for Adverse Events (CT-
CAE) version 5.0, and severe RC was defined as grade 3 or higher.

Protocol of IMRT

According to the D’Amico risk classification [1, 2], EBRT as a
primary RT was performed to the prostate only for the low-risk
group, to the prostate and base of the seminal vesicle for the inter-
mediate-risk group, and to the prostate and seminal vesicle for the
high-risk group. The conventional schedule was 38 fractions of 2
Gy to a total of 76 Gy and reduced to 72 Gy in case of administra-
tion of antithrombotic drugs.

Indications of adjuvant RT were determined based on patients’
treatment preference and adverse pathological features including
seminal vesicle invasion, extraprostatic extension with positive
surgical margin, or accompanying Gleason pattern 5. Salvage RT
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Fig. 1. Cumulative incidence of radiation cystitis (a), severe radiation cystitis (b).

was performed in case of PSA recurrence [1, 2]. The definition of
the clinical target volume was determined according to Radiation
Therapy Oncology Group (RTOG) consensus guidelines and pre-
viously described in detail [18]. Patients treated with adjuvant RT
received 62 Gy in 31 fractions, and those with salvage RT received
66 Gy in 33 fractions, if any, with a boost to the recurrent lesion,
where having been detected by magnetic resonance imaging.

Statistical Analysis

Kaplan-Meier analysis was used to estimate cumulative inci-
dence of RC and severe RC. Cox proportional hazards regression
models were used for univariate and multivariate analyses. Statisti-
cal computations were carried out using JMP 13.2.1 (SAS Institute,
Cary, NC, USA). Significance was set at a p value of p < 0.05.

Results

Patient Characteristics

Demographic features and tumor characteristics are
shown in Table 1. The median follow-up time was 56
months (interquartile range, IQR, 47-64 months). More
than three-quarters of the patients (n = 189, 77%) were
primarily treated with EBRT, and the others (n =57, 23%)
were submitted to an adjuvant or salvage RT. Sixty-eight
(27%) patients received antithrombotic therapy. Surgical
pathology identified 28 patients with extraprostatic ex-
tension and 11 with seminal vesicle invasion. Forty-three
cases had positive surgical margins. Ten patients received
adjuvant RT and 47 underwent salvage RT due to PSA
recurrence during follow-up.

All patients who received EBRT as initial treatment
were treated with IMRT. On the other hand, of the pa-
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tients who underwent adjuvant/salvage RT, 40 (70%)
were treated with IMRT and 17 (30%) with three-dimen-
sional conformal RT (3D-CRT).

Cumulative Incidence of RC

The 5-year cumulative incidence of RC and severe RC
was 16.2% and 3.0%, respectively (Fig. 1). Of the 34 pa-
tients who developed RC, 19 had an unscheduled outpa-
tient visit, and 6 of these patients required hospitalization
for further treatment; blood transfusion was required in
2 (0.8%), and transurethral coagulation and hyperbaric
oxygen therapy were performed in 1 (0.4%) and 3 (1.2%),
respectively. The cumulative number of RC increased lin-
early after the latent phase of 1 year, and it was assumed
that the risk of developing macrohematuria remained al-
most constant throughout the period after EBRT. Exclud-
ing 3D-CRT cases, the 5-year cumulative incidence of RC
and severe RC was calculated to be 15.1% and 3.2%, re-
spectively. On the other hand, the 5-year cumulative in-
cidence of radiation proctitis was 11.4% in our cohort.

Risk Factors for RC

The associations of clinicopathologic factors with RC
are shown in Table 2. Univariate analyses revealed Charl-
son comorbidity index and RT setting were significantly
associated with the development of RC. Multivariate
analyses identified RT setting as the sole significant factor
associated with RC (hazard ratio: 2.75, p = 0.02). Anti-
thrombotic therapy did not affect macrohematuria in this
study. Similar results were obtained in subgroup analyses
that excluded patients using modality other than IMRT

Makino et al.
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Table 2. Univariate and multivariate Cox proportional hazards regression analyses of the association of

clinicopathologic variables with radiation cystitis

Variables Univariate Multivariate
HR 95% Cl p value HR 95% Cl p value

Age (years)

<70 Reference 081

>70 0.92 0.47-1.84 :
Charlson comorbidity index

0 Reference Reference

1 0.39 0.13-0.95 0.04 0.44 0.15-1.08 0.08

2 or greater 0.61 0.24-1.37 0.24 0.88 0.33-2.08 0.78
Chronic hypertension

No Reference

Yes 1.08 0.55-2.18 0.83
Diabetes mellitus

No Reference

Yes 0.85 0.34-1.85 0.70
Antithrombotic treatment

No Reference Reference

Yes 0.68 0.29-1.43 032 1.00 0.39-2.32 1.00
Clinical T stage

cT1-2 Reference 0.82

cT3-4 0.90 0.30-2.12 :
ISUP grade group

1-3 Reference

4-5 0.84 0.37-1.74 0.65
Radiation setting

Primary Reference Reference

Adjuvant/salvage 3.03 1.51-6.02 0.002 2.75 1.17-6.18 0.02
Radiation modality

IMRT Reference Reference

3D-CRT 2.74 0.93-6.52 0.07 1.19 0.37-3.38 0.75

ISUP, International Society of Urological Pathology; IMRT, intensity-modulated radiation therapy; 3D-CRT, three-

dimensional conformal radiation therapy.

(Table 3). Figure 2 shows the cumulative incidence of RC
in the patients treated as primary RT and adjuvant/sal-
vage RT, respectively. The 5-year cumulative incidence of
RC was 11.1% in the primary RT group and 33.5% in the
adjuvant/salvage RT group. On the other hand, regarding
radiation proctitis, Cox regression analysis revealed that
RT setting was not a significant predictive factor (p =
0.12). Furthermore, we could not identify any statistically
significant factor in the development of severe RC.

Discussion/Conclusion
In our study, the 5-year cumulative incidence of RC

was 16.2%, consistent with the reported incidence of
RC observed in previous studies [7, 8]. In addition, the

Cumulative Incidence and Clinical Risk
Factors of Radiation Cystitis

5-year cumulative incidence of severe RC was only
3.0%, and no case required urinary diversion. Never-
theless, the true cumulative incidence of RC, especially
in the long term, is controversial. The reasons for this
are as follows: different definitions for each study, long
observation periods required due to long time to onset,
high lost to follow-up rates, and use of different radia-
tion modalities.

This low incidence of severe RC could be explained by
the introduction of new radiation therapy techniques
such as IMRT. With the advent of dose-escalating radia-
tion therapy, it was presumed that radiation doses to tar-
get organs have increased, while decreasing to adjacent
organs, resulting in less toxicity. It was reported that
IMRT was associated with a significant reduction in acute
gastrointestinal and genitourinary toxicity [19].
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Table 3. Univariate and multivariate Cox proportional hazards regression analyses of the association of
clinicopathologic variables with radiation cystitis in patients treated with IMRT

Variables Univariate Multivariate
HR 95% Cl p value HR 95% Cl p value

Age (years)

<70 Reference

>70 1.07 0.51-2.29 0.87
Charlson comorbidity index

0 Reference Reference

1 0.42 0.14-1.06  0.07 0.42 0.14-1.10  0.08

2 or greater 0.47 0.16-1.17  0.11 0.54 0.16-1.54 0.26
Chronic hypertension

No Reference

Yes 1.07 0.51-2.29 0.87
Diabetes mellitus

No Reference

Yes 0.68 0.23-1.65 0.42
Antithrombotic treatment

No Reference Reference

Yes 0.78 0.32-1.70 0.54 1.29 0.49-3.17 059
Clinical T stage

cT1-2 Reference

cT3-4 0.96 0.28-2.47 0.94
ISUP grade group

1-3 Reference

4-5 0.78 0.31-1.73 0.55
Radiation setting

Primary Reference Reference

Adjuvant/salvage 2.90 1.29-6.19 0.012 2.69 1.15-6.03 0.02

ISUP, International Society of Urological Pathology; IMRT, intensity-modulated radiation therapy.

Fig. 2. Cumulative incidence of radiation
cystitis in the patients treated as primary
RT and adjuvant/salvage RT.
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To our knowledge, this is the first study comparing RT
settings for the development of RC, especially in the era
of IMRT. Our results demonstrated that adjuvant/salvage
RT had significantly higher risk for RC than primary RT
in PCa patients. On the other hand, there was no correla-
tion between the cumulative incidence of RC and age,
clinical T stage, or antithrombotic therapy.

The most likely reason for RC to be more common in
the adjuvant/salvage RT group was explained by prostate
removal, which led to the bladder to be exposed to more
radiation. The fact that the incidence of radiation procti-
tis did not differ between RT settings further substanti-
ated this hypothesis.

The 5-year cumulative incidence in the adjuvant/sal-
vage RT group was 33.5%, which was relatively high com-
pared to cases previously reported from other countries
[13-15, 20], but most were grade 2 or lower. A single in-
stitution in Japan reported a 20.4% prevalence of RC in
the adjuvant/salvage RT group undergoing IMRT [21].
However, it should be noted that this report calculated
prevalence, not cumulative incidence, and the 5-year cu-
mulative incidence might be higher than the reported
proportion.

Racial differences may be involved in the high inci-
dence of RC in the adjuvant/salvage RT group. In addi-
tion, there was a possibility that the bladder was exposed
to more amount of radiation as a result of the inability to
fully extend the bladder during irradiation because of
postoperative urinary incontinence and loss of function-
al bladder capacity, although precise reasons remain un-
clear.

Stereotactic radiotherapy, which is currently used as a
standard treatment for PCa in our institute, is a new mo-
dality and should be taken into consideration in future
studies [22]. Information on the accurate and updated cu-
mulative incidence of RC and its potential risk factors is
important to properly advise patients about the possible
adverse effects of RT. This study demonstrated that IMRT
could be safely applied to the elderly, even if they under-
went antithrombotic treatment. As life expectancy is ex-
tended and the number of patients with PCa is increasing,
RT would be a more important treatment option.

In addition, it is a pressing matter to reduce the posi-
tive margin rate of localized PCa for urologists. Robot-
assisted radical prostatectomy has become the standard
treatment, and the positive margin rate has been signifi-
cantly reduced compared to retropubic radical prostatec-
tomy [23]. However, it was reported that the positive
margin rate was still around 10% [23]. We must keep in
mind that reducing postoperative PSA recurrence to

Cumulative Incidence and Clinical Risk
Factors of Radiation Cystitis

avoid salvage RT is the best way to prevent the adverse
effects caused by excessive RT. Furthermore, we should
carefully consider the indication of adjuvant RT.

Our study was limited by its retrospective design and
small sample size. Additionally, the study was consider-
ably lacking in follow-up cases, and at the 5-year follow-
up point, as less as one-third of the patients could be fol-
lowed, which might lead to the increase of the error of the
cumulative incidence. Finally, as cystoscopy was not nec-
essarily required to diagnose RC in our study, the inci-
dence of RC might be overestimated.

In conclusion, the 5-year cumulative incidence of RC
and severe RC was 16.2% and 3.0%, respectively. This study
suggested that RT in the post-prostatectomy setting would
increase the risk of RC, although most of the cases were
grade 2 or lower and resolved by conservative treatment.
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