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Radiation cystitis is a potential complication following the therapeutic irradiation of pelvic cancers.

Keywords: radiation therapy ; radiation cystitis ; fibrosis ; treatment ; stem cells therapy ; inflammation

| 1. Introduction

External pelvic radiation therapy is an important tool in the therapeutic arsenal for the treatment of pelvic cancers, such as
prostate cancer, cervical cancer, rectal cancer or bladder cancer. Improvements in radiation techniques, such as intensity-
modulated radiotherapy (IMRT), stereotactic radiotherapy and image-guided brachytherapy, have made it possible to
deliver increasingly effective doses in smaller volumes with a clear improvement in treatment tolerance. However, the
bladder is a critical organ thatmay be sensitive to low doses of radiation. Despite improved techniques, pelvic irradiation is
still responsible for acute and/or late adverse events affecting the bladder. The term “radiation cystitis” therefore includes
all lesions and symptoms of the bladder following the irradiation of the pelvic organs. Its severity is related to the volume
of radiation exposure, the total dose delivered as well as the administration schedule and fractionation. This adverse
event may have an impact on patients’ quality of life. As cancer patient survival improves, long-term survivorship issues
are of increasing importance, and an improved understanding of radiation-induced cystitis mechanisms is essentiallZ.

| 2. Current Treatments and Clinical Trials
2.1. Acute and Late Radiation Cystitis with Storage, Voiding Symptoms or Occasional Bleeding

The clinical management of storage symptoms for acute and late radiation cystitis is largely symptomatic with analgesics
and anti-inflammatory drugs. Good hydration is recommended for patients in order to increase diuresis, cleanse the
bladder, and avoid urinary obstruction resulting from blood clots!28],

Likewise, anticholinergics, like oxybutynin, trospium chloride, solifenacin, fesoterodine or flavoxate hydrochloride, can be
prescribed to help alleviate urgency and increased daytime frequency. Their action is to decrease the contractility of the
detrusor and improve symptoms/4l,

In some cases, antibiotics may be proposed to prevent the condition from worsening in the event of infection.

Alpha-blockers, 5-reductase inhibitors or phosphodiesterase 5 inhibitors may be useful to alleviate voiding symptoms.
Their action is to decrease the tone of the posterior urethra, bladder neck and the volume of the prostate L. In severe
cases, it is sometimes necessary to hospitalize the patient for transfusions or clot evacuation!. In fact, bladder irrigations
are performed in order to obtain a dilution of hematuria and drain the clots. It is a sterile technique with lubrication for
standard catheter insertion with a large three-way catheter. Blood clot evacuation is performed manually by using a large
Toomey or catheter syringe until no further clots and output begin to clear. Then, we use normal saline (0.9%) for
continuous irrigation 2.

If acute active bleeding does persist and is refractory to irrigations, electrocoagulation should be discussed, as described
by Martinez and colleaguesli&. The procedure was performed with a rigid 22 French cystoscope. It was performed to
identify the source of bleeding and rule out any other unidentified pathology. The Green Light laser was used to target any
active source of bleeding. These areas were coagulated with the laser. Throughout the procedure, saline irrigation was
used, and care was taken to ensure that the ureteral orifices were not injured. At the completion of the procedure, the
bladder was drained under direct visualization to ensure adequate hemostasis. Very minimal bladder mucosal damage
was reported. Then, a large three-way catheter was placed, and continuous irrigation was maintained overnight and
stopped the next morning!&!,



These treatments are tailored according to the severity of the symptoms (Figure 1).https://www.mdpi.com/2073-
4409/10/1/21

2.2. Late Radiation Cystitis with Persistent or Recurrent Hematuria
2.2.1. Intravesical Instillations

Different molecules have been used for this indication, with different mechanisms of action. Their objectives are
sterilization, cleansing and arrest of focal bleeding points.

Aluminum salt: Intravesical aluminous salts are considered astringent agents. They exert their action through protein
precipitation on the cell surface and in interstitial spaces. They decrease blood vessel diameter and stiffness of capillary
endothelium@l Aluminum salts are typically delivered as a 1% concentration of alum mixed with sterile water.
Westerman et al. evaluated the benefit of alum instillations in 40 patients with hematuria, which was linked in 95% of
patients to radiation cystitis2d. These instillations led to a reduction in transfusion requirements (82% before instillation vs.
59% after instillation, p = 0.05). Moreover, 32.5% of patients did not require additional treatment after a median follow-up
of 17 months. Tolerance was generally good. The main side effect reported was bladder spasm in 35% of patients[2.

Formalin: Formalin action consists of precipitating cellular proteins in the mucosa of the bladder. The consequence is to
create occlusion within telangiectatic tissue. It appears to be the most effective intravesical agent with complete resolution
rates ranging from 70 to 89%. However, the safety profile for this treatment is mediocre. First of all, its instillation is quite
painful and must therefore be performed under general anesthesia. In addition, formalin has a high rate of morbidity and
mortality (31%), with risks of vesicoureteral reflux complicated by severe bilateral pyelonephritis, ureteral stenosis and
fibrosis of the bladder with reduced capacity and increased urinary frequency (2. To date, its use remains very limited due
to its poor safety profile.

Hyaluronic acid: Hyaluronic acid is a mucopolysaccharidethathelps to repair the normal glycosaminoglycan layer of the
bladder when administrated through intravesical instillations. It has immunomodulatory properties that enhance
connective tissue healing. Shao et al. evaluated the efficacy of intravesical hyaluronic acid (HA) instillation and hyperbaric
oxygen (HBO) in the management of hemorrhagic radiation cystitis22. The clinical benefit was identical in the 2 groups
but was maintained over time significantly in the HA arm. Indeed, complete resolution of hematuria was noted in 88%,
75%, and 50% of HA patients and in 75%, 50%, and 45% of patients in the HBO group, at 6-, 12- and 18-months following
therapy, respectively. Hyaluronic acid appears to be an interesting therapeutic alternative, though this must be confirmed
in a larger cohort.

Other agents have shown interesting results but have been studied only in small cohorts, like botulinum toxin, chondroitin
sulfate, polydeoxyribonucleotides, early placental extract [231(241(25](26]

2.2.2. Hyperbaric Oxygen Therapy (HBOT)

This technique consists of placing the patient in a pressurized chamber (hyperbaric chamber) to administer pure or mixed
oxygen at a pressure greater than atmospheric pressure, for 5-7 days a week, for a daily duration of 60-90 min up to
approximately 30-45 sessionslZZ. The effect of hyperbaric oxygen therapy is to allow better oxygen diffusion in tissues
and to disrupt the continuum between hypoxia and fibrosis. Hyperoxia induces primary neovascularization, secondary
growth of healthy granulation tissue, and induces short-term vasoconstriction, which may help control active bleeding!2&!
291 |t is the most widely reported therapeutic technique in the management of hemorrhagic radiation cystitis. Dellis et al.
evaluated the benefit of HBOT in 38 patients with severe radiation cystitis. The complete response rate was 86.8%, and
the partial response rate was 13.2%. The mean follow-up was 29.3 months. For the thirty-three patients with complete
response who received HBO therapy within 6 months of the hematuria onset, the mean time interval was 4.9 months
(range 1-6), while in the remaining five patients with partial response, the mean time interval was 22 months (range 8-48)
(p < 0.001). Thirty-three patients were alive at the end of follow-up2.,

Recently, the randomized phase 2-3 RICH-ART evaluated the benefit of HBOT compared to standard of care for patients
with late radiation cystitis and a value of fewerthan 80 points in the urinary domain of the expanded prostate index
composite score (EPIC score). Forty-one patients were randomized in the HBOT arm and 38 in the standard of care arm.
HBOT significantly alleviated patient-perceived symptoms of late radiation cystitis and improved HRQOL. The mean
improvement in EPIC urinary total score was higher (17.8 [SD 18.4]) in the hyperbaric oxygen therapy group compared
with patients in the control group (7.7 [SD 15.5]). Seventy patients in HBOT presented a grade 1-2 adverse events. The
main adverse events grade 1-2 were ear pain (15%), myopia (12%) and barotrauma (10%). No grade 3-4 or 5 was
reported in this groupY. The HBOT's benefit was maintained in the time. In fact, Pereira et al. reviewed 105 patients
diagnosed with RIHC whowere treated with HBOT between 2007 and 2016. After a median follow-up of 63 months, 76.3%



had a complete responselll Cardinal et al. evaluated the benefits of HBOT through a meta-analysis of data from 602
patients treated with HBOT for hemorrhagic radiation cystitis. They determined that 84% of patients achieved partial or
complete resolution, while 75% saw an improvement in hematuria. In their analysis of 499 patients with documented
follow-up, authors observed a recurrence rate of 14%, with a median time to recurrence of 10 months (6 to 16.5 months).
To summarize, this treatment is well-tolerated, the most common side effects being pressure-related, most notably ear
and sinus barotrauma. HBOT is offered to patients for whom bladder washings and instillations are ineffective22. In a
systemic review, Villeirs et al. emphasized HBOT benefit in radiation cystitis. In a cohort of 815 patients, an overall and
complete response rate varied from 64.8% to 100% and 20% to 100%, respectively. Blood transfusion before HBOT, other
treatment modalities before HBOT, use of anticoagulant therapy, along the interval between the onset of hematuria and
start of HBOT were possible factors associated with lower efficacy of HBOTIZZ. It is important to start HBOT in the onset
of late radiation cystitis symptoms2224. However, the availability and cost-effectiveness of high-pressure oxygen tanks is
a critical factor in the success of HBOTIZ,

2.3. Late Radiation Cystitis with Refractory or Life-Threatening Hematuria

In late radiation cystitis with refractory or life-threatening hematuria, the treatments aim at achieving volume expansion
and at limiting the need for frequent transfusions due to active bleeding33.

2.3.1. Arterial Embolization

Improvements in interventional radiological techniques have led to improvements in morbidity and mortality compared with
surgery in patients with refractory hemorrhagic radiation cystitis. The technical success rate reported is 88-100%. The
main adverse events were Brown—-Sequard’s syndrome, bladder necrosis, and gluteal paresis or skin necrosis. Thanks to
improved techniques, the incidence of adverse events has decreased from 65% to 9-31% [B8I87] The follow-up of these
studies is brief.

2.3.2. Cystectomy and Urinary Diversion

In some patients, treatment by means of cystectomy with urinary diversion is unfortunately inevitable when clot
evacuation, bladder fulguration and bladder irrigation have failed. This therapeutic option should be reserved for patients
for whom local and conservative treatments have proven unsuccessful, given its high rate of morbidity and mortality.
Linder et al. reported a postoperative complication rate of 42% and a 90-day mortality rate of 16%[38.
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