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the treatment of PCa.

The incidence of prostate cancer (PCa) is increasing concomitantly with population aging. Accordingly, interest in radiation
therapy (RT) and the frequency of RT are also increasing. The types of RT can be broadly divided into external beam RT
(EBRT), brachytherapy (BT), and combination therapy (EBRT + BT). Lower urinary tract symptoms (LUTS) after RT for the
treatment of PCa are common; however, there are few reviews on the relationship between RT and LUTS. Herein, we review
the causes and incidence of LUTS, as well as the evaluation and treatment options. Because of the reported risks of RT, patients
undergoing RT should be counseled regarding the challenges of treatment and informed that they may have higher failure
rates than nonirradiated patients. Moreover, thorough evaluation and treatment strategies are needed to support treatment
recommendations. With a review of the existing literature, this narrative article provides an overview to aid urologists in treat-
ing patients presenting with complications associated with RT for the treatment of PCa. Further research is required to pro-
vide evidence of the effectiveness and feasibility of the management approach to the care of patients with LUTS after RT for
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INTRODUCTION

Prostate cancer (PCa) is the most common cancer in men in
some countries, with more than 200,000 new cases occurring
each year [1,2]. Most patients are diagnosed at an early, curable
stage [3,4], and the standard local treatment options include ac-
tive surveillance, radical prostatectomy (RP), and radiation
therapy (RT). RT can be delivered as external beam RT (EBRT)
and/or brachytherapy (BT) [5]. According to the SEER (Sur-
veillance, Epidemiology, and End Result) database, the distribu-
tion of these treatment options in newly diagnosed men with
PCa s as follows: RP, 36%; EBRT, 20%; BT, 10%; and EBRT+BT,

4% [6]. In cases of local disease, the 5-year survival rate ap-
proaches nearly 100% with these therapies alone or in combi-
nation. However, the adverse events associated with each treat-
ment are diverse [7]. Because most patients are long-term sur-
vivors, quality of life — including lower urinary tract symptoms
(LUTS) —is an important part of treatment decision-making.
To date, despite significant advances in RT techniques such
as intensity-modulated RT, some patients treated with RT are
reported to have long-term urological adverse events [8]. RT
leads to tissue ischemia, fibrosis, and contraction [9], resulting
in functional damage to the lower urinary tract. Urological
complications may sometimes be severe, and bladder contrac-
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tion and loss of compliance may cause reflux uropathy and re-
nal failure [10]. Fibrosis in the pelvis may lead to urethral stric-
ture, and disruption of ischemic tissue may cause fistulas [11].
Extensive tissue ischemia induces poor viability of the urinary
and the bowel system and may impose a substantial burden; for
instance, reconstructive surgery may be required. The extent of
RT-induced damage often appears to extend beyond what is
expected in the field of early RT [12].

LUTS include storage, voiding, and postmicturition symp-
toms [13] and are a well-known adverse event of PCa RT caused
by toxicity to the bladder, prostate, urethra, or a combination
thereof. These complications are infrequent; nevertheless, they
are difficult to treat and may require frequent hospital visits.
Here, we review the causes and incidence of LUTS caused by
RT for the treatment of PCa, as well as the work-up and treat-
ment options.

PREVALENCE AND CAUSES OF LUTS IN
PATIENTS WITH PROSTATE CANCER AFTER
RADIATION THERAPY

Urethral Stricture

The incidence of urethral stricture varies depending on the
method of RT, and has been reported to be 2% in patients re-
ceiving EBRT; 4%-32% in those receiving BT (depending on
dose), and 11% in those receiving EBR-BT combination thera-
py [12]. Risk factors for urethral stricture include transurethral
resection of the prostate before RT, old age, low income, and the
presence of multiple comorbidities [14].

Urethral stricture after prostate primary RT predominantly
occurs in the bulbomembranous urethra (>90%), mostly at or
below the apex, despite the relatively lower exposure to radia-
tion than in the intraprostatic urethra [6].

The effects of ionizing radiation can be classified as direct tis-
sue damage, in the form of DNA damage, and indirect tissue
damage that induces cellular apoptosis and disrupts function-
ing due to free radical formation in the cells. A further conse-
quence of RT contributing to the development of urethral ste-
nosis is vascular damage in the form of obliterative endarteritis
[15].

Several radiation oncology studies have reported an increased
risk of urethral stricture in patients who have undergone trans-
urethral prostatectomy (TURP) prior to RT [16]. Studies have
hypothesized that TURP prior to RT causes local damage, char-
acterized by relative devascularization and reduced mucosal re-

120 www.einj.org

pair capacity [17]. Furthermore, the changes in the body after
RT often remain invisible for months or years, and some stud-
ies have shown that the risk of urogenital toxicity persists 10
years after treatment [18]. Meeks et al. [19] reported that the
time from RT to the occurrence of urethral stricture was be-
tween 6 and 577 months.

Urinary Incontinence

Clinically defining urinary incontinence (UI) is difficult be-
cause of its varying frequency and severity. The prevalence of
Ul is known to be about 30% in men over 65 years of age [20].
Ul is characterized by irritable bladder (urge incontinence)
and/or poor urethral sphincter function (stress incontinence)
[21]. Its risk factors include aging, comorbidities, obesity, be-
nign prostatic hyperplasia, PCa, and treatment of PCa [3]. UI
recovery after RP varies, with about 5%-30% of patients requir-
ing a pad 1 year after surgery [22,23].

UI may also occur after EBRT and high-dose BT boost [24],
with an incidence ranging from 10% to 30% [25]. The wide
range of reported incidence rates is presumed to result from
variance in the data caused by inconsistent definitions or other
evaluation methods. After RT, UI occurs months to years later
[26] and can adversely affect patients’ sexual function and over-
all quality of life [27].

RT produces DNA strand breaks and free radicals that cause
rapid cell death, leading to progressive endarteritis and hypo-
vascular tissue. Damaged tissue is difficult to treat, and reduced
blood flow eventually leads to surface necrosis and urethral fi-
brosis. Surgical manipulation exacerbates the problem by inter-
fering with the blood supply and causing additional injuries of
the urethral tissue and urinary sphincter [28]. The etiology of
late UI following PCa RT appears to be multifactorial and is
partially associated with aging and comorbidities [29]. PCa it-
self can compromise the integrity of the anatomical structures
that maintain Ul Even men with PCa who opt for active sur-
veillance have an increased Ul risk compared to those without
PCa [30].

Radiation Cystitis and Fistula

About 0%-9% of patients have severe urogenital toxicity after
RT, including severe radiation cystitis (RC), fistula, or urinary
diversion [31]. Because severe toxicity is rare, it is not easy to
determine the exact incidence. In a study of 32,465 patients
who underwent PCa surgical removal and RT, patients who re-
ceived RT were more likely to be readmitted, with a higher inci-
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dence of posttreatment complications and secondary malig-
nancies than those who underwent only surgery. Among these
RT patients, 0.3% had fistulas, 14.3% had hematuria, 12.1% had
closure, and 4.0% had RC [31]. Studies have evaluated the func-
tional consequences and complications associated with RT for
PCa and have reported mild acute irritative urinary symptoms;
however, this toxicity tends to last for months, with 75% return-
ing to normal within a year and the remainder gradually im-
proving in up to 3 years. Faris et al. [32] found that patients
with BT seeds had a higher incidence of rectourethral fistula
(RUF), whereas patients undergoing EBRT had more frequent
pubovesical or urethrocutaneous fistulas. BT seeds also in-
creased the incidence of damaged outlets, whereas combination
therapy induced fusion of end-stage bladder with the occluded
outlet; EBRT was more significantly associated with end-stage
bladder. Patients developed symptoms after an average of 4.6
years after RT, suggesting the need for long-term follow-up, es-
pecially for the management of radiation toxicity symptoms
[32].

Anterior rectal biopsy after BT was associated with RUF for-
mation caused by poor wound healing; therefore, it is advisable
to avoid it when possible [33]. Hechenbleikner et al. [34] found
that 40% (169 of 416) patients with RUF had previous pelvic ir-
radiation and/or ablation. Prior to 1997, fewer than 4% of RUF
patients were exposed to radiation, whereas since 1998, 50% of
RUF patients have experienced induced radiation forces [35].
Pubovesical fistula is rare and can occur following the endo-
scopic management of bladder neck contractions after EBRT
(36].

The underlying pathological physiology of RC is accompa-
nied by advanced terminal endarteritis, leading to tissue hy-
poxia and terminal tissue ischemia. Necrosis and tissue slough-

Table 1. Prevalence and causes of LUTS in patients with PCa after RT

Kwon, et al. « LUTS in PCa Treated With RT INJ

ing cause the deposition of fibroblasts on the ischemic tissue
layer.
The processes described above are summarized in Table 1.

TREATMENT OF LUTS AFTER RADIOTHERAPY
FOR PROSTATE CANCER

The treatments, discussed in detail below, are summarized in
Table 2.

Urethral Stricture

Endoscopic urethral dilatation and visual internal urethrotomy
(VIU) can be used to manage short urethral strictures; however,
the recurrence rate is high. Although urethroplasty has a higher
reported success rate, its applicability is limited by radiation
damage to the normal urethra [37].

Endoscopic management

Endoscopic management, including dilatation of radiation-in-
duced strictures and VIU, has been proposed as a first-line
treatment [6]; nevertheless, it should not be recommended, es-
pecially after repeated recurrence [38]. The risk of recurrence is
almost 50% or higher in patients who have undergone BT, and
repeated urethral dilation and VIU often induce delays in treat-
ment and additional fibrosis of irradiated tissues [39].

Perineal excision and primary anastomosis

Hofer et al. [40] reported that about 75% of procedures were
successful and durable reconstructions were possible. The
2-year follow-up success rate increased to 85% with growing
experience. Late recurrence was rare (2.7%), and UI occurred
in 7%-19% of cases. Staged application of artificial urinary

Disease Prevalence Causes
Urethral stricture 2% (EBRT) [12] - Direct tissue damage (in the form of DNA damage)
4%-32% (BT) [12] - Indirect tissue damage that disrupts cellular apoptosis
11% (EBRT-BT combination) [12]
Urinary incontinence ~ 10%-30% (EBRT and high-dose BT boost) [25] - Progressive endarteritis and hypovascular tissue (due to DNA strand
breaks and free radicals that cause rapid cell death)
Radiation cystitis 4% [31] - Tissue hypoxia and terminal tissue ischemia
Fistula 0.3% [31] - Poor wound healing (caused by RT and rectal procedures)

LUTS, lower urinary tract symptoms; PCa, prostate cancer; RT, radiotherapy; EBRT, external beam radiation therapy; BT, brachytherapy.
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Table 2. Treatment of LUTS after radiotherapy for PCa

Disease

Treatment

Urethral stricture - Endoscopic management
- Perineal excision and primary anastomosis
- Urethroplasty using grafts or flaps

- Management with chronic suprapubic tube

Urinary incontinence - Artificial urinary sphincters (widely recommended)

- Transobturator slings (not generally recommended)

Rectourinary fistulas
and robotic)

- Surgical management: transperineal, transsphincteric (Yoke-Mason), transanal, and transabdominal (open, laparoscopic,

- Conservative management: clean intermittent catheterization, low-residual diet, and surgical procedures aimed to
accomplish urinary or fecal diversion (suprapubic catheter, nephrostomy; ileostomy, and colostomy)

Radiation cystitis
- Hyperbaric oxygenation

- Systemic therapies: WF10, sodium pentosan polysulfate

- Intravesical therapies: hyaluronic acid, aluminum salts, formalin, epsilon-aminocaproic acid, silver nitrate, prostaglandins,
botulinum toxins, polydeoxyribonucleotides, and early placental extract

- Ablative therapies: laser (yttrium-aluminum-garnet and GreenLight) or argon beam

- Radiological interventions: transcatheter arterial embolization of the vesical or prostatic artery

- Surgical treatment

LUTS, lower urinary tract symptoms; PCa, prostate cancer.

sphincters was the treatment of choice for these men [40]. After
excision and primary anastomosis, patients’ sexual function ap-
peared unchanged and postoperative erectile dysfunction rates
were similar to those reported in previous studies. In rare cases,
the strictures were located proximally; abdominoperineal anas-
tomosis can be performed if perineal access alone is insufficient
for complete wound resection and reanalysis of the bladder
neck or proximal urethral stub.

Urethroplasty using grafts or flaps

Although urethroplasty with grafts and flaps has been reported
to have success rates of 71%-83% [40], there are concerns about
the success rate, because tissues such as buccal mucosa grafts or
genital fasciocutaneous flaps are transplanted onto the irradiat-
ed recipient tissue with poor vascularity. Therefore, a combina-
tion of buccal mucosa grafts and gracilis muscle flaps can be
considered when tissue transfer is required.

Management with a chronic suprapubic tube

Urinary diversion including cystostomy in patients with ure-
thral stricture after RT may be performed for the dual purposes
of urethral rest and long-term management of appropriately
consulted patients. Terlecki et al. [41]. found that urethral rest
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allowed the recovery of urethral tissue and helped to determine
the severity of stricture and the extent of involvement in surgi-
cal planning. At some institutions, after undergoing urethral
rest for 2-3 months, chronic suprapubic drainage or recon-
struction surgery is performed after sufficient consultation and
consideration of the medical status of the patient [38].

Urinary Incontinence

After treatment of urethral stricture following RT, the well-
known complication of Ul is relatively rare; nevertheless, it oc-
casionally requires additional evaluation and treatment. Tran-
sobturator slings, which are often used to treat stress UI in
women, do not show good results in RT-induced UI and are
not generally recommended [42]. Consequently, artificial uri-
nary sphincters are widely recommended. However, artificial
urinary sphincters are known to have a higher erosion rate
(6%-13%) in irradiated patients than in nonirradiated patients
(4%). Some studies reported that 3.5-cm cuffs are associated
with a higher risk of RT-induced incontinence treatment failure
than cuffs of 4.0 cm or larger [43]; however, recent studies have
shown that there is no such difference [44]. It was also pro-
posed that the transcorporal artificial urinary sphincters could
have improved results with the placement of cuffs larger than

Int Neurourol J June 30, 2021



3.5 cm in high-risk patients undergoing radiation and multiple
previous urethral manipulations; however, opposite results have
been reported in recent research [45].

Rectourinary Fistulas

Urinary fistula is the most difficult RT-related urological com-
plication to manage and may be the most serious of all the
complications that occur [46]. There is no standardized behav-
ioral protocol for subjects because of the rarity and complexity
of RUE and most published studies are retrospective experi-
ences from single institutions [47]. Few large studies have com-
pared the results of different approaches to identify possible
factors associated with surgical success or failure, and no pro-
spective studies of this issue have been conducted [48]. One of
the most important points is the classification of RUF as simple
or complex. RUF is considered complex if the fistula size is >2
cm, and if there is urethral stricture, bladder neck sclerosis, or
ischemic tissue. In contrast, a fistula is considered simple if it
occurs secondary to surgical trauma to previously healthy tis-
sue [49].

Surgical management

For complex RUE, a surgical approach is required. The ultimate
goal of RUF treatment is fistula closure and recovery of bowel
and bladder function [50]. Numerous approaches have been
described in the literature, 4 of which are major (transperineal,
transsphincteric [Yoke-Mason], transanal, and transabdominal
[open, laparoscopic, and robotic]) [51].

Conservative management

Conservative management refers to procedures that exclude
surgical treatment, including clean intermittent catheterization,
a low-residual diet, and surgical procedures aimed to accom-
plish urinary or fecal diversion (suprapubic catheter, nephros-
tomy, ileostomy, and colostomy) [52]. The indications for con-
servative management are not well defined. In general, com-
plete and spontaneous closure of RUF is rare; however, simple
fistulas that have not yet developed the epithelium of the fistula
tract are capable of spontaneous closure within the first 12
weeks [49]. Nonetheless, the spontaneous closure of complex
RUFs is an exception, especially in irradiated tissue; therefore,
conservative methods should not be used for these patients.
According to the literature, the success rate of maintenance of
simple RUF was from 14%-100% [53].
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Radiation Cystitis
Systemic therapies
WF10 is an intravenous preparation produced from the drug
OXO K993, which is also known as tetrachlorodecaoxygen. Its
mechanism of action is based on RC being a chronic inflamma-
tory condition. WF10 induces innate immunity and stimulates
cellular defense mechanisms through the effects of natural killer
cells, cytotoxic T-lymphocytes, and modifications of the mono-
cyte-macrophage system to rapidly reduce inflammation.
Sodium pentosan polysulfate is a synthetic sulfated polysac-
charide that has been used to reduce urinary tract permeability
by replacing defective glycosaminoglycans. Sandhu et al. [54]
evaluated the efficacy of sodium pentosan polysulfate (100 mg
3 times daily) to treat radiation-induced hemorrhagic cystitis
(HC) in 60 patients. Overall, 51 patients were followed up, of
whom 21 patients with a partial response underwent gradual
reductions of the dose with a maintenance dose of 100 mg, and
10 patients showed a complete response.

Hyperbaric oxygenation

Hyperbaric oxygenation (HBO) therapy increases oxygen
transfer to tissues by increasing the amount of oxygen dissolved
in plasma to induce and restore normal compensation of gran-
ulocytes and fibroblasts, resulting in increased capillary density.
HBO induces neo-angiogenesis with a recovery of <80% of
capillary density [55]. Complete resolution of hematuria has
been reported in 34%-87.5% of patients [56].

Intravesical therapies
Response rates for intravesical therapy typically range from
60% to 90% [57,58]. Formalin induces occlusive fixation of the
telangiectatic and friable microvasculature by precipitating cel-
lular proteins within the epithelial layer. Contemporary evi-
dence for the use of formalin is poor, with fatal complications
reported in 2%-4% of cases [59]. Therefore, formalin is recom-
mended only in the case of intractable HC requiring urinary
tract diversion [60]. The mechanism of action of aluminum salt
(generally potassium or ammonium aluminum sulfate) is to
precipitate proteins on the cell surface. Aluminum salts are not
as effective as formalin; however, they produce fewer side ef-
fects and, therefore, might be considered if other early conser-
vative therapies fail [61].

More recent intravesical therapies aim to supplement the
protective glycosaminoglycan layer to reduce host urinary ex-
posure of basal epithelial cells. Hyaluronic acid is a major mu-

www.einjorg 123



INJ Kwon, et al. « LUTS in PCa Treated With RT

copolysaccharide that can be injected into the bladder and has
immunomodulatory properties that improve connective tissue
healing [62]. Epsilon-aminocaproic acid inhibits fibrin degra-
dation by urokinase in exposed telangiectatic vessels exposed
from the bladder after irradiation [63]. Other intravesical agents
include silver nitrate, prostaglandins, botulinum toxins, poly-
deoxyribonucleotides, and early placental extract. However, these
agents have been reported to have a limited remission rate [62].

Ablative therapies

Laser (yttrium-aluminum-garnet [YAG] and GreenLight) ther-
apy or argon beam therapy has a complete remission result of
about 75%-97%, and has the clinical advantage of immediate
control of bleeding [64,65]. The GreenLight laser ablates blood
vessels through a mechanism that selectively absorbs green
light by intravascular oxyhemoglobin, resulting in relatively lit-
tle damage to surrounding tissues [65]. Conversely, YAG lasers
are non-selective and increase the risk of bladder perforation
due to sloughing of necrotic tissue after treatment [66]. Argon
ablation has the advantage that the current follows the path of
least resistance and can prevent perforation by migrating to the
adjacent tissue after coagulation is achieved. Furthermore, the
cutting depth can be changed by adjusting the power supply
and gas flow rate [64].

Radiological intervention

Transcatheter arterial embolization of the vesical or prostatic
artery may be considered for patients with failed treatment
methods and patients considered unfit for cystectomy. Al-
though there is limited evidence of arterial embolism for the
management of HC, technical success has been reported in
90%-100% of patients (clinical success in 70%-100%) when
vesical or prostatic arteries can be identified [67].

Surgical treatment

Urinary diversion with or without cystectomy may be per-
formed if all other noninvasive treatment methods fail. A study
of 21 patients undergoing cystectomy and urinary diversion for
intractable HC showed that 42% of patients had Clavien-Dindo
classification grade III or higher complications during the peri-
operative period; the 90-day mortality rate was 16% and the
overall 1-year survival rate was 84% [68].
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CONCLUSIONS

Patients undergoing RT for PCa-induced LUTS are a challeng-
ing group characterized by diverse symptoms. LUTS may origi-
nate from a number of etiologies, including urethral stricture,
UL RG, and fistulas. Thorough evaluation and treatment strate-
gies are needed to support treatment recommendations. Pa-
tients should be counseled that treatment is often challenging
and they may have higher failure rates than nonirradiated pa-
tients.

Clinicians need to understand the concepts of these diseases
and consider patients’ characteristics to balance the effective-
ness and safety of treatment. Due to the relatively small number
of existing studies, further research is needed in this field.
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