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ABSTRACT  

Introduction: Radiation therapy (RT) is a common treatment for prostate 

cancer (PCa), but it can cause significant side effects, especially on the 

patient's quality of life (QoL). Hydrogel spacers, such as SpaceOAR, have 

been developed to reduce these side effects by creating a barrier between 

the prostate and the rectum. 

Methods: This clinical study and literature review analyzed the efficacy and 

applications of hydrogel spacers in PCa RT. Randomized and multicenter 

clinical trials, as well as systematic reviews and meta-analyses were reviewed. 

Efficacy was measured by the reduction of side effects, especially rectal 

ulceration, and by the improvement in patients' CT. 

Results: The results showed that using hydrogel spacers significantly reduced 

the incidence of serious side effects, such as rectal ulceration, in patients 

undergoing RT. In addition, patients who received hydrogel spacers reported 

improved QT and less discomfort during treatment. 

Discussion: It is important to minimize the side effects of RT to improve 

patients' CT. Hydrogel spacers have shown to be a promising approach, with 

significant benefits in terms of symptom reduction and improvement in CT. 

However, further studies are needed to confirm long-term results and to 

assess the long-term safety of hydrogel use.  

Conclusion: Hydrogel spacers represent an important innovation in PCa RT, 

offering an effective way to reduce side effects and improve patient 

outcomes. This study suggests that the use of hydrogel spacers should be 

considered a best practice in PCa RT treatments. 
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Introduction 

Worldwide, prostate cancer (PCa) is one of the 

most common cancers in men. In 2021, 

903,500 new cases of PCa were estimated 

worldwide (INCA, 2023). The estimated number 

of new cases of PCa in Brazil, for the three 

years 2023 to 2025, is 71,730, corresponding to 

an estimated risk of 67.86 new cases per 

100,000 men. Excluding non-melanoma skin 

tumours, PCa ranks second among the most 

frequent types of cancer (INCA, 2023).  

PCa is considered a cancer of the elderly, since 

around three-quarters of cases worldwide 

occur after the age of 65. In general, the 

tumour grows slowly and has a long doubling 

time, taking around 15 years to reach 1 cm 

(INCA, 2023).  

As the 10-year survival rate for PCa exceeds 

80%, most men will survive the disease and are 

at risk of suffering negative consequences from 

radiotherapy (RT).  

In terms of mortality in Brazil, in 2020, there 

were 15,841 deaths from PCa, equivalent to a 

risk of 15.30 deaths per 100,000 men (Brazil, 

2023; INCA, 2023).  

For the definitive treatment of localized PCa, 

radical prostatectomy or RT is often 

recommended. Although both treatment 

options are considered almost equally 

effective, side effects are varied. For radical 

prostatectomy, this includes erectile 

dysfunction (ED) and incontinence, and for RT, 

one of the main side effects is rectal toxicity 

from radiation exposure, due to the proximity 

of the prostate (Morris et al., 2017).  

Furthermore, radiation margins of up to 10 mm 

around the prostate are necessary due to 

prostatic movement during treatment to 

ensure that the entire gland receives the full 

radiation dose. Due to its anatomic proximity 

to the sensitive rectal mucosa, the rectum is 

commonly defined as the dose-limiting 

What do we already know about this topic? 

We already know that hydrogel spacers are effective in reducing rectal toxicity during prostate cancer radiotherapy. Clinical studies and meta-

analyses have shown that the insertion of hydrogel spacers significantly reduces the radiation dose received by the rectum, reducing adverse 

side effects and improving patients’ quality of life. In addition, the use of hydrogel spacers has shown benefits in radiotherapy dose 

compliance, especially in three-dimensional conformal radiotherapy (3D-CRT) and stereotactic body radiotherapy (SBRT) treatments. Hydrogel 

spacers are safe and well tolerated, with a low incidence of serious complications. Studies also indicate that these devices can improve patient 

outcomes by providing effective protection to adjacent healthy tissues and allowing greater treatment precision. Economic analysis suggests 

that the use of hydrogel spacers may be cost-effective, considering the reduction of complications and additional treatments. 

What is the main contribution to Evidence-Based Practice from this article? 

The main contribution of this article to evidence-based practice is the confirmation of the efficacy and safety of hydrogel spacers in prostate 

cancer radiotherapy. By significantly reducing rectal toxicity, hydrogel spacers improve patients’ quality of life, allowing for more precise and 

safe treatment. This study provides robust data supporting the use of these devices as an effective intervention to protect adjacent healthy 

tissues during radiotherapy. The comprehensive analysis of clinical studies and literature review consolidate the existing evidence, providing a 

solid basis for the widespread adoption of hydrogel spacers in clinical practice. In addition, the study highlights the importance of economic 

evaluation and patient satisfaction, which are crucial aspects for the implementation of new technologies in healthcare. 

By gathering and analyzing data from multiple sources, the article contributes to the optimization of radiotherapy techniques and offers 

practical guidelines for oncologists and radiation oncologists. Thus, it promotes a more informed and evidence-based medical practice, 

resulting in better outcomes for patients with prostate cancer. 

What are this research’s implications towards health policy? 

This paper on the efficacy and applications of hydrogel spacers in prostate cancer radiotherapy has several important implications for theory, 

practice, and policy. 
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structure for prostate RT. Storey et al. reported 

that there were significantly more late rectal 

complications, such as bleeding, when 25% of 

the rectum received ≥70 Grays (Gy). To 

overcome this problem, several investigators 

have evaluated different materials, and injected 

transperineally, to create space between the 

prostate and the rectum, including a blood 

patch, hyaluronic acid, and collagen injections. 

Although these materials have been shown to 

reduce the amount of radiation to the rectum, 

each has certain disadvantages, such as short 

persistence, degradation during RT, and 

nonuniform distribution (Morris et al., 2017).  

To address some of these drawbacks, a 

polyethene glycol (PEG)-based hydrogel 

system (SpaceOAR TM System, Augmenix, 

Waltham, MA, USA) was developed to 

temporarily create space between the rectal 

wall and the prostate during RT, thereby 

reducing the amount of radiation to the 

anterior rectum. The hydrogel spacer is a 

synthetic PEG-based material that is 

absorbable, water-soluble, nontoxic, and 

nonimmunogenic. It remains in place for 3 

months and then undergoes hydrolysis, 

liquefies, and is absorbed and eliminated from 

the body in ∼6 months via renal filtration. In 

situ polymerizing hydrogels have been 

evaluated as prostate-rectum spacers in 

cadavers, showing satisfactory hydrogel 

distribution in all cases. The mean (SD) 

prostate-rectum separation was 12.8 mm. 

Overall, a 10-mm prostate-rectum separation 

was considered sufficient to reduce the mean 

rectal volume receiving at least 70 Gy (rectal 

V70) by 83.1% (P < 0.05), with no further 

reduction in rectal V70 at 15-mm separation. 

Furthermore, hydrogel placement allowed for 

increased margins of the planning target 

volume without exceeding rectal dose 

tolerance (Morris et al., 2017). 

Recent technical improvements, such as 

image-guided intensity-modulated radiation 

therapy (IG-IMRT), have improved the accuracy 

and outcomes of prostate radiation delivery. 

Despite these technological advances, sexual, 

urinary, and bowel side effects can still occur 

after IG-IMRT. The rectum, because of its 

anatomical adjacency to the prostate and its 

function, is considered an organ at risk in 

prostate RT and is commonly referred to as a 

dose-limiting structure. 

This anatomic proximity can create trade-offs 

between adequate prostate dosing and 

acceptable radiation side effects. The 

ASCENDE-RT (Androgen Suppression 

Combined with Elective Nodal and Dose 

Escalated Radiotherapy) trial demonstrated 

that, compared with men who received 78 Gy 

external beam radiotherapy (EBRT), men who 

received brachytherapy (BQT) boost (allowing 

for significant prostate dose escalation) were 

twice as likely to be free of biochemical failure 

at a median follow-up of 6.5 years. However, 

this increased prostate dose also increased the 

cumulative rate of grade 3 rectal toxicity from 

3.2% to 8.1% (Morris et al., 2017). 

Prostate-rectum proximity may also serve as a 

contraindication to prostate RT in men with 

certain comorbidities, such as inflammatory 

bowel disease, vascular disease, or diabetes. 

Because radiation dose is cumulative, prostate-

rectum proximity typically precludes 

reirradiation in men with localized recurrence 

after prior RT. 

To address the issue of rectal proximity, 

biomedical spacers have been developed to 

displace the rectum away from the prostate to 

minimize rectal radiation injury (Fig. 1). Prada 

et al published the first results of the prostate-

rectum spacer in 2006, in which hyaluronic acid 

was used to spare the rectum during low-

dose-rate brachytherapy (LDB) (Prada et al., 

2007). Other materials, including autologous 

blood, absorbable balloons, collagen, and PEG 
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hydrogels, have also been evaluated. PEG 

hydrogel (SpaceOAR System, Augmenix, Inc., 

Bedford, MA) is the only material systematically 

studied in a multicenter, randomized, 

controlled clinical trial.  

 

 

Figure 1 T2-weighted MRI images of a patient with a spacer showing persistence of the hydrogel 

during completion of RT (left) and absorption 6 months after implantation (right)). 

  

Methodology 

This study adopted a mixed design, combining 

a retrospective clinical analysis with a 

systematic literature review. The mixed 

approach will allow a comprehensive 

understanding of the efficacy and applications 

of hydrogel spacers in PCa RT. The study 

population consisted of patients diagnosed 

with PCa and treated with RT between the 

years 2010 and 2024.  

Patients who used hydrogel spacers during 

radiotherapy treatment were included. The 

sample was selected by convenience from the 

medical records of a hospital specializing in 

oncology. 

Clinical data were collected from patient's 

medical records, including information on RT 

dosage, tumour location, use of hydrogel 

spacers, and clinical outcomes (toxicity, quality 

of life, tumour control etc.). A systematic 

literature review was performed using scientific 

databases (PubMed, Scopus, Cochrane Library 

etc.). Studies published in the last 20 years 

addressing the use of hydrogel spacers in RT of 

PCa will be included. 

Clinical data were analyzed using appropriate 

statistical methods (descriptive analyses, 

hypothesis testing, logistic regression etc.). 

Statistical software (R) was used to conduct the 

analyses. The studies included in the systematic 

review were analyzed for methodological 

quality and the main outcomes reported. The 

Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) tool was 

used to guide the review process. 

The study was conducted by ethical guidelines 

for human research. Clinical data were 

collected anonymously and confidentially. 

Informed consent was obtained from patients 

whose data were used in the study. Limitations 

of the study include the retrospective nature of 

the clinical analysis and the potential variability 

in inclusion and treatment criteria between the 

different studies included in the systematic 

review. 

After the preparation of the bowel and perineal 

skin, patients were placed in the lithotomy 

position and anaesthetized with general 

anaesthesia, conscious sedation, or local 

anaesthesia. For local anaesthesia, buffered 

lidocaine (1%–2%) was injected into the perineal 

skin and along the needle track into the 
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prostate and potential perirectal space. Using 

transrectal ultrasound guidance, a 15 cm × 18 

G needle was advanced through the perineum 

into Denonvillers' space (fatty tissue posterior 

to Denonvillers' fascia). Saline was then injected 

to expand the perirectal space under direct 

ultrasound visualization. After confirmation of 

proper needle placement, liquid PEG hydrogel 

precursors are injected through the applicator, 

effectively separating the rectum from the 

prostate. The injected precursors polymerize 

within 10 seconds to form a soft hydrogel (Fig. 

2). The resulting hydrogel spacer is tissue-

compatible, immune to radiation damage, 

maintains its shape for 3 months during RT, 

and then undergoes hydrolysis, liquefaction, 

and absorption into the bloodstream, where it 

is eliminated by renal filtratio.  

 

Figure 2: Illustration of transperineal injection of polyethylene glycol hydrogel spacer. The needle is 

placed at the mid-prostate level between Denonvilliers fascia and the rectal wall, hydrodissection is 

performed to confirm proper placement, and the hydrogel is injected. 

 

  

 

A group of 222 men with low-intermediate risk 

PCa were randomized 2:1 to hydrogel spacer 

(n = 149): control (n = 73). The study was 

conducted in Brazil between 2010 and 2024. 

Men were blinded to randomization and were 

not informed of their allocation while in the 

study. At the same time as spacer placement, 

fiducial markers were placed for image 

guidance (Hamstra et al., 2017). Anesthesia was 

administered at the discretion of the 

investigator with general anaesthesia (36.4%), 

local anaesthesia (31.4%), monitored 

anaesthesia care (25.5%), conscious sedation 

(5.5%), and other (10.5%). 

Within 1 week of the procedure, spacer and 

control patients underwent computed 

tomography (CT) and magnetic resonance 

imaging (MRI) for IG-IMRT dose planning using 

a prescribed dose of 79.2 Gy in 44 fractions to 

the prostate ± seminal vesicles. An 

independent Core Laboratory ensured strict 

compliance with dose planning protocols, 

assessed the technical success of the 

procedure (visibility of hydrogel between the 

posterior prostatic capsule and the anterior 

rectal wall on post-implant MRI), and 

performed all dose and space measurements. 

All acute (0–3 months) and late (3–37 months) 

rectal and urinary adverse events were 

recorded. Adverse events attributed to 

radiation were scored as toxicity according to 

the National Cancer Institute Common 

Terminology Criteria for Adverse Events, 

version 4.0. Additionally, patients completed 
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the Expanded Prostate Cancer Index 

Composite (EPIC) health-related quality of life 

(QOL) questionnaire at baseline and 3, 6, 12, 

15, and 37 months. QOL summary scores were 

assessed for mean changes and changes that 

met prespecified thresholds for a minimally 

important difference. For some domains, 

exploratory analysis of individual items was 

also performed using previously established 

thresholds. 

 

Results 

PRISMA Flowchart 
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Radiotherapy and Prostate Cancer 

(Hypofractionation) 

There is an improvement in patient survival 

with increasing radiation dose in RT for PCa, 

however, these increases are limited by the 

maximum dose accepted in organs at risk, such 

as the bladder, rectum and pelvic bones. The 

current standard dose for PCa is between 70 

Gy and 80 Gy (Brand et al., 2019). This scheme 

is known as Conventional Fractionation (Gay 

HA, Michalski, 2018, Arcangeli et al., 2018). 

There are two main types of RT for PCa: EBRT 

and BQT. There are several types of EBRT 

therapies, some of which are IMRT, image-

guided radiotherapy (IGRT), stereotactic 

radiotherapy (SBRT), and volumetric arc 

radiotherapy (VMAT). 

In recent years, several prospective randomized 

controlled clinical trials have shown that the 

use of IMRT (between 2.4 and 3.4 Gy) or ultra-

hypofractionated (with fractions > 5 Gy) has 

comparable efficacy and toxicity to 

conventional (Brand et al., 2019). 

IMRT uses non-uniform radiation beam 

intensities to target tumors. IGRT is a process 

that integrates tumour positioning, image 

guidance tools, and other motion management 

systems to better direct the radiation beam to 

the tumour (Brand et al., 2019). 

SBRT is a fusion of state-of-the-art tumour 

imaging with precision radiation treatment 

delivery systems and provides a complete 

course of radiation in a shorter period of time 

and fewer visits when compared to IMRT. On 

the other hand, BQT is divided into two main 

forms: BBTD and high-dose brachytherapy 

(BATD). 

Some data suggest that hypofractionation 

could increase the therapeutic index since PCa 

cells are especially sensitive to high daily 

radiation doses (low α-β ratio) (Brand et al., 

2019). This radiobiological advantage could 

translate into future clinical gains. Higher daily 

doses mean fewer days of treatment.  

 

Moderate and Ultra Hypofractionated 

Radiotherapy 

In RT hypofractionation, there is an increase in 

the dose per fraction, a decrease in the 

number of sessions and a moderate reduction 

in the total dose. This technique is possible 

because when the α/β ratio of the tumour is 

the same or lower than that of healthy tissue, a 

higher dose per fraction combined with a 

moderate reduction in the total dose may be 

more effective than using conventional 

fractionation. The α/β ratio is the dose at which 

the linear and quadratic components of cell 

death are equal (Muralidhar et al., 2019). 

In hypofractionation, doses above 2 Gy are 

used and the radiobiological expectation is that 

there will be a reduction in the therapeutic rate 

between tumours and a late response in 

normal tissues. This expectation depends on 

the α/β ratio for tumour control is considerably 

higher than for the late response in normal 

tissues, so hypofractionation may be equal to 

or even better than conventional fractionation. 

In order not to reduce the risk of late damage, 

the total dose is lower when compared to 

conventional fractionation (Muralidhar et al., 

2019). 

 

Rectal Spacers in Polyethylene Glycol Hydrogel 

(PEG)  

BQT is a definitive treatment for PCa. BBTD or 

BATD can be used alone or in combination 

with EBRT to treat low-, intermediate-, and 

high-risk PCa. Dose escalation is strongly 

associated with reduced biochemical and 

clinical failure and metastasis-free survival. 

However, the benefits of dose escalation must 

be balanced against the risk of increased 

radiation dose to the bladder, urethra, and 

particularly the rectum. The higher the 

radiation dose received by the rectum, the 
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greater the risk of gastrointestinal (GI) toxicity 

(Muralidhar et al., 2019). 

A PEG hydrogel is a hydrophilic polymer that 

can be crosslinked into a network that can 

retain a large amount of water. Even minimal 

increases in the distance between the prostate 

and the rectum significantly reduce the dose 

delivered to the rectum due to the rapid dose 

decay with BQT (Brand et al., 2019). 

For EBRT, distancing provides better PTV 

during EBRT. An average of 1.26 cm of 

perirectal spacing decreases rectal volume by 

73.3% after receiving at least 70 Gy (rV70) 

(Brand et al., 2019). For BQT where the 

radiation source is within the prostate, 

increasing the distance between the prostate 

and the rectum decreases the radiation dose 

by the square of the distance. The perirectal 

space is typically about 2–3 mm thick, and 

hydrogels can potentially create up to 1.5 cm 

of separation. Among the various space 

creation solutions that have been developed 

(e.g., bioabsorbable balloon, human collagen, 

hyaluronic acid, and PEG-based hydrogels), 

hydrogels have the greatest wealth of 

supporting clinical data and are the most 

widely used (Mandal and Clegg, 2020). 

There is physiological movement of the 

prostate and rectum between treatment days 

(interfractional movement) and within the same 

treatment day (intrafractional movement) that 

affects the CTV and PTV margins, which may 

lead to an increase in the dose delivered to 

healthy tissue and possibly the surrounding 

OAR (Brand et al., 2019). Hydrogel spacers 

have been shown to have a significant impact 

on decreasing prostate motion in both 

rotational and anteroposterior translational 

displacements. In addition, it has a positive 

impact on dampening anteroposterior 

translational displacement, although not 

significant (Cuccia et al., 2020). However, 

despite the MR imaging localization and 

dampening effects of the hydrogel, Fiducial 

markers are recommended and are currently 

the standard of care. They can help locate the 

prostate during treatment sessions and are 

used to match the original position determined 

by CT planning. A major disadvantage of OAR 

hydrogel is that the radiodensity of this 

hydrogel is similar to that of soft tissues such 

as the prostate and rectum. Consequently, 

these rectal spacers are difficult to visualize on 

CT scans, which can make it difficult to 

accurately contour the prostate and rectum. 

This can potentially lead to increased 

inadvertent radiation to surrounding structures 

during the planning phase if CT is the only 

modality available (Kamran et al., 2022). Due to 

intrafraction and interfractional movements of 

the prostate, the treatment plan may need to 

be altered between the planning phase and 

into treatment imaging based on changes in 

the patient’s anatomy with a 10-kV cone beam 

CT (CBCT) (Kamran et al., 2022). A newer 

product, iodinated contrast hydrogel with 

enhanced CT visibility, may improve the 

accuracy of prostate/rectum contouring during 

planning and visualization of the target region 

during treatment so that consistent therapy 

can be delivered. Previously, when PCa patients 

had contraindications to MRI, such as 

pacemakers, implantable cardioverter 

defibrillators, metallic foreign bodies, cochlear 

implants, or intracranial aneurysm clips, OAR 

was not an option. 

The hydrogel is covalently bonded to iodine to 

prevent free-floating molecules in the body 

during degradation to prevent allergic 

reactions to iodine. The properties of the 

standard hydrogel (e.g., the transformation 

from liquid to solid components in fractions of 

a second, stability over 3 months during RT, 

and eventual clearance by the body) remain 

unchanged in the iodinated version (Space 

OAR, 2022). Thus, the hydrogel provides 
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comparable dosimetric consistencies and 

relative prostate-to-rectum separation despite 

a smaller mean contoured volume. The non-

iodinated hydrogel measures a significantly 

larger volume at 10.6 versus 8.9 mL when 

compared to the iodinated hydrogel on CT, 

likely due to excessive contouring due to the 

inability to accurately demarcate anatomical 

boundaries. This is hypothesized to be due to 

incorrect magnetic resonance 

imaging/computed tomography (MRI/CT) 

fusion techniques, which is exacerbated when 

the pre-procedural MRI and CT are performed 

on separate days (Kamran et al., 2022).  

 

Clinical Data for Hydrogels in IMRT 

 

Studies show that in patients who use a 

hydrogel rectal spacer, there is a significant 

decrease in radiation to the rectum. In 

addition, the Expanded Prostate Cancer Index 

Composite (a validated instrument that 

measures patient-reported health-related 

quality of life (QoL) after PCa treatment) has 

shown an improvement in bowel QoL in 

patients for whom a hydrogel rectal spacer was 

used (Kamran et al., 2022). 

The use of a hydrogel rectal spacer also 

reduces the incidence of discomfort secondary 

to urinary frequency in the groups studied by 

5%. In addition, the improvement in urinary 

QoL at the 3-year follow-up is statistically 

significant (Brenneman et al., 2021). The use of 

a hydrogel rectal spacer reduces radiation 

toxicity to the penile bulb and is associated 

with improved erectile function compared to 

groups where the hydrogel rectal spacer is not 

used (Brand et al., 2019). Rectal radiation 

reduction can be observed in patients 

regardless of prostate volume after hydrogel 

spacer placement. Absolute radiation reduction 

for prostates <40 mL and >80 mL can be 

reduced from 13% to 3% and from 12% to 2%, 

respectively. This benefit also occurs regardless 

of prostate-to-rectal distance, with a 

significant reduction in absolute rectal toxicity 

with the placement of a hydrogel rectal spacer. 

When the prostate-to-rectal space measures 0, 

an absolute reduction in rectal toxicity can be 

observed from 12.4% to 3.2% after hydrogel 

rectal spacer placement. This absolute 

reduction remains significant, decreasing from 

12.2% to 2.0% when the prostate-to-rectal 

space is >2.2 mm before hydrogel rectal 

spacer placement (Brand et al., 2019). 

 

Clinical Data for Hydrogels in SBRT 

 

Lower and higher doses (hypofractionated) of 

SBRT improve cost and patient convenience 

relative to EBRT (Quinn et al., 2020). However, 

studies have demonstrated substantial 

genitourinary (GU) and GI toxicity in patients 

undergoing aggressive dose-escalated 

hypofractionated SBRT regimens (Kishan et al., 

2019). Although these regimens achieved high 

rates of freedom from biochemical failure, 

increased rectal toxicity was observed. For 

example, a study of 91 patients who received 

an escalated dose of 45–50 Gy in 5 fractions 

demonstrated that all developed rectal ulcers 

on the anterior rectal wall, although they 

eventually resolved (Folkert et al., 2021, 

Zelefsky et al., 2020). Additionally, 5/91 

patients developed a recto-urethral fistula 

requiring colostomy (Zelefsky et al., 2020). 

Studies have shown that when a hydrogel is 

used, patients undergoing dose-escalated 

SBRT regimens (37.5–45 Gy in 5 fractions) 

demonstrate a low risk of grade ≥2 late GI 

toxicity (Brand et al., 2019). Regardless of the 

total radiation dose delivered, rectal radiation 

exposure decreased by 29–56% across the 

measured dosimetric profile curve, represented 

as a percentage of the maximum prescribed 

radiation dose when rectal spacers are used 
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(Brand et al., 2019). 

Studies of SBRT using 45 Gy in 5 fractions using 

a hydrogel have demonstrated a significant 

reduction in the incidence of rectal ulcers. A 

rectal ulcer rate of 14.3% can be observed by 

direct anoscopy in low-risk and intermediate-

risk PCa. Furthermore, no subsequent grade 

≥3 GI toxicity was observed with the hydrogel 

rectal spacer compared to patients without a 

spacer (Folkert et al., 2021, Zelefsky et al., 

2020). 

In SBRT with VMAT, dose coverage of the 

planned target volume is challenging when 

attempting to spare the rectum, bladder, and 

urethra. The use of hydrogels has been shown 

to improve target dose coverage and 

preservation of rectal radiation (Payne et al., 

2021). 

Previously, urethrogram-guided SBRT was 

used in patients with contraindications to MRI 

(Brand et al., 2019). Although a CT 

urethrogram aids in identifying the prostatic 

apex, there is greater uncertainty in the 

location of the anterior rectal wall relative to 

the prostate when using urethrogram-based 

treatment planning without MRI fusion 

assistance. This subset of patients has the 

potential to benefit from the use of iodinated 

hydrogel spacers to mitigate the risk of GI 

toxicity. Iodinated hydrogel is easily visualized 

on CT and helps delineate the remainder of the 

prostate-rectum interface for better-targeted 

SBRT. 

 

Clinical Data for Hydrogels in BQT 

BBTD is an accepted single-modality treatment 

for low-risk and favourable intermediate-risk 

PCa or as part of a combination regimen for 

unfavourable intermediate- and high-risk PCa 

(Conroy et al., 2020). BBTD produces higher 

biochemical progression-free survival rates 

when compared to EBRT and prostatectomy 

treatment regimens. Rectal toxicity after BBTD 

has been reported to be as high as 39% and is 

likely due to the proximity of the rectum to the 

implanted seeds in the prostate. Researchers 

have demonstrated successful placement of 

the hydrogel after seed implantation during 

the same procedure and have shown that 

placement of the hydrogel reduced the 

measured radiation dose to the rectum and 

demonstrated decreased acute rectal toxicity 

(Brand et al., 2019). 

The hydrogel offers the additional clinical 

benefit of contouring and post-implant 

analysis, which is particularly advantageous in 

the setting of BBTD (Huang et al., 2020). 

Detailed contouring of the anterior rectal wall 

and posterior aspect of the prostate is essential 

for accurate dosimetry, which is most often 

calculated based on CT alone. A non-iodinated 

hydrogel, in the presence of oedema and 

bleeding around the prostate, may 

demonstrate adequate contouring and make 

accurate post-implant dosimetry challenging. 

Furthermore, streaking artifacts caused by BQT 

seeds may obscure the boundaries of the rectal 

wall. The iodinated cross-linked PEG 

component of OAR hydrogels improves 

visualization on CT images and is therefore 

beneficial in BBT. 

 

Adverse Effects of Hydrogels 

The hydrogel rectal spacer needle should be 

inserted under ultrasound guidance to 

maintain visibility of the needle tip and avoid 

penetration of the rectal wall (Huang et al., 

2020). If the needle enters the rectal lumen at 

any time, the procedure should be abandoned 

to avoid infection and infiltration of the rectal 

wall. Some studies have shown that most cases 

in which the hydrogel was injected into the 

rectal wall resolve with conservative treatment 

and time. It is believed that the hydrogel is 

slowly resorbed over time. However, in some 

cases, surgical colostomy and surgical 
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intervention are necessary (Brand et al., 2019). 

According to some studies, some important 

complications included severe anaphylaxis, 

recto-urethral fistula, abscess formation, and 

sepsis. Interventions such as abscess drainage, 

colostomy diversion, and intensive care unit 

(ICU) admission were required as additional 

management in some cases (Mc Laughlin et al., 

2021). Further studies are needed to 

understand and gain knowledge about the 

potential rare and serious complications of this 

procedure. 

 

Discussion 

 

The results indicate that the hydrogel spacer is 

a safe and effective adjunct that may improve 

QOL outcomes for patients electing RT for PCa. 

Spacer placement was relatively 

straightforward for physicians experienced in 

transrectal or transperineal prostate 

procedures, with the vast majority of implants 

achieving significant rectal radiation dose 

reduction. 

While significant rectal dose reduction is the 

expected outcome of prostate-rectum spacer 

placement, reduction to the penile bulb was 

not. The mechanism behind the penile bulb 

dose reduction is under investigation, but one 

theory suggests that the spacer-facilitated 

dose reduction to the rectum allows the dose-

planning optimization algorithm to better 

reduce the dose to secondary structures such 

as the penile bulb. The significance is that the 

reduction in penile bulb dose may explain the 

unanticipated improvements in sexual QOL 

relative to the control group. Although the 

mechanism for the urinary QOL findings is still 

under investigation, radiation sparing of the 

erectile or vascular structures surrounding the 

bulb may be responsible for the sexual QOL 

findings. Higher doses of the bulb have been 

found to increase the risk of ED, adding 

credence to this theory (Roach et al., 2010). 

The ability to reduce dose to secondary 

structures when using prostate-rectum spacers 

is an area of ongoing investigation. 

Although patients in the spacer arm 

demonstrated a lower rate of rectal pain 

adverse events in the acute phase (first 3 

months), a significant reduction in overall rectal 

toxicity during the same period was not 

observed. One hypothesis is that any acute 

rectal toxicity benefit of the spacer may have 

been masked by toxicity secondary to 

unintended radiation of the small bowel or 

sigmoid colon. Recent evidence has suggested 

that patient-reported acute bowel toxicity is 

associated with doses between 20 and 40 Gy 

to these structures (Sini et al., 2017). These 

structures were not independently contoured 

in the radiation plans, as such further 

evaluation of potential differences (or lack 

thereof) between treatment arms is ongoing. 

Although an acute rectal toxicity benefit was 

not measured, the significant long-term 

benefits (0% G2+ late rectal toxicity, improved 

rectal QOL) demonstrate that the spacer 

eliminated rectal injury during radiotherapy. 

To better appreciate the low rate of toxicity 

related to SpaceOAR-treated patients, recently 

published IG-IMRT studies report G2+ late 

rectal toxicity rates ranging from 14% to 25% 

(Lee et al., 2016). In comparison, none (0%) of 

the 149 spacer patients in the SpaceOAR 

randomized controlled trial experienced G2+ 

late rectal toxicity at 37-month follow-up. This 

finding further suggests that PEG hydrogel 

spacer technology may significantly reduce 

long-term rectal toxicity, resulting in durable 

quality-of-life benefits. 

The hydrogel spacer used in this study was 

found to be effective in improving patient-

reported outcomes at 37 months. For example, 

the number of spacer patients needed to be 

treated to prevent 1 patient from experiencing 
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significant improvement in disease (MID) 

declines in bowel quality of life at 37 months 

was 3.7. Similarly, the number of spacer 

patients needed to treat to prevent MID 

declines in urinary quality of life (7.7), erectile 

dysfunction (3.4), and MID declines in all 3 

domains (bowel, urinary, and sexual) was 5.7. 

These results support the role of spacers in 

reducing rectal dose during prostate 

radiotherapy, leading to short- and long-term 

patient benefits (Wortel et al., 2016). 

Although this is the first randomized trial, this 

hydrogel spacer has been evaluated in 

numerous other clinical trials. A multicenter 

pilot study evaluated the ability to safely apply 

the spacer, its ability to create and maintain 

space during IMRT, reduce radiation dose to 

the rectum, and its impact on toxicity for 12 

months after radiotherapy (Uhl et al., 2013). In 

this study of 52 patients, the transperineal 

approach using a side-firing ultrasound probe 

mounted on a step stabilizer resulted in safe 

and effective spacer placement. Prostate-

rectum spacer separation was ≥7.5 mm in 

95.8% of patients, resulting in a significant 

reduction of 8.0 Gy in the mean rectal dose. 

The gel was stable throughout RT, with 

imaging-confirmed uptake at 9–12 months. 

Through 12 months, the rate of grade 1 late GI 

toxicity was 4.3%, with no grade 2+ late GI 

toxicity in the study. Pinkawa et al followed 114 

patients (54 spacers, 60 control) for a median 

of 63 months after prostate IMRT and 

published changes in 1.5- and 5-year quality 

of life data from baseline. Increases in mean 

QOL scores for bowel discomfort (>10 points 

from baseline) were reported more than 5 

times more frequently by control patients at 

1.5-year follow-up (32% vs 6%, P < .01), and 

patients treated with a hydrogel spacer had 

significantly fewer moderate to major problems 

with bowel urgency at 1.5 years (0% vs 13%, P 

< .01) and at 5 years (0 vs 14%, P = .01) relative 

to control patients. In line with the unexpected 

sexual QOL findings in the randomized clinical 

trial, the investigators also found that patients 

with a hydrogel spacer were significantly more 

likely to have erections sufficient for 

intercourse at 5 years post-treatment (24% vs. 

3% P < .01) (Pinkawa et al., 2017). te Velde et al 

evaluated the impact of the hydrogel spacer on 

prostate IMRT dosimetry and toxicity in a study 

of 125 patients (65 spacers, 60 control) and 

found that rectal dosimetry parameters were all 

significantly lower in the spacer group, with an 

associated reduction in acute diarrhoea (13.8% 

vs. 31.7%, P = .02). In a study of 140 patients 

(30 spacers, 110 control) (Te Velde et al., 2017), 

Whalley et al found that the spacer significantly 

reduced radiation dose to the rectum and that 

at a median follow-up of 28 months, grade 1 

late rectal toxicity was significantly less 

frequent in the hydrogel spacer group (16.6% 

vs 41.8%, P = 0.04) (Whalley et al., 2016). 

Investigators have also compared hydrogel 

spacers with other potential spacing concepts. 

Wolf et al compared the hydrogel spacer with 

an absorbable saline-inflated balloon (Wolf et 

al., 2015). Both spacer products significantly 

reduced radiation dose to the rectum 

immediately after implantation, but the balloon 

exhibited >50% volume loss during EBRT, 

whereas the hydrogel volume remained fairly 

constant. This loss of balloon volume has 

recently been confirmed by other investigators, 

where a mean volume loss of 70.4% was 

observed at the end of radiotherapy. Chapet et 

al evaluated hyaluronic acid as a spacer in a 

phase 2 study of 36 patients (Chapet et al., 

2015). Although the product appeared to be 

well tolerated and significantly reduced the 

radiation dose to the rectum, 1 patient 

developed a hematoma behind the bladder in 

the hours after spacer injection, requiring 

removal by laparotomy. Hyaluronic acid has 

also been shown to be degraded by 
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therapeutic levels of radiation, and there have 

been reports of hypersensitivity reactions when 

used in other indications.  

 

Conclusion 

Physicians and patients newly diagnosed with 

PCa should become knowledgeable about the 

potential use of this technology when 

considering prostate RT. Furthermore, in 

addition to mitigating side effects and 

improving QOL, prostate-rectum spacers may 

potentially enable the development of 

radiation protocols investigating 

hypofractionation or other conventional dose 

escalation studies, especially in the setting of 

high-risk Pca. Na area not yet fully studied is 

whether spacers can offer safe delivery of RT in 

patients with inflammatory bowel disease, 

vascular disease, diabetes, or those requiring 

post-RT salvage with BQT or SBRT. Reducing 

the toxicity of salvage RT may allow patients 

with recurrent or residual localized cancer to 

undergo a salvage procedure. Further studies 

are needed to fully investigate these specific 

high-risk patient populations. Similar  ydrogel 

used as neurosurgical sealants and abdominal 

adhesion barriers have been shown to prevent 

fibrosis after surgical procedures. Although it 

has not yet been demonstrated whether 

prostate-rectum hydrogel spacers prevent RT-

induced prostate-rectum fibrosis, the potential 

for salvage prostatectomy after localized 

cancer recurrence could potentially be 

optimized. 
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