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In this review we outline the current evidence for the use of hydrogel rectal spacers in the
treatment paradigm for prostate cancer with external beam radiation therapy. We review
their development, summarize clinical evidence, risk of adverse events, best practices for
placement, treatment planning considerations and finally we outline a framework and
rationale for the utilization of rectal spacers when treating unfavorable risk prostate cancer
with dose escalated Stereotactic Body Radiation Therapy (SBRT).

Keywords: prostate, hydrogel, rectal spacer, radiotherapy, radiation therapy, SBRT

INTRODUCTION

Prostate cancer is the most common cancer diagnosed in male patients in the United States with an
estimated 248,530 cases in 2021 (1). Greater than 80% of these patients present with either localized
or regional disease, and the vast majority of this subset may be eligible for curative treatment with
radiotherapy. In general, biochemical disease free-survival and long-term overall survival rates are
excellent in patients treated with definitive radiotherapy, even for those patients with high-risk or
node-positive disease (2). However, although acute toxicity in these patients tends to be mild and
self-limiting, some patients may experience late effects of radiotherapy that can be morbid and
difficult to manage (3). In particular, long-term randomized quality of life (QoL) data suggest that
while urinary and sexual function are at least comparable if not better than radical prostatectomy,
there are higher degrees of bowel bother and rectal bleeding with definitive radiotherapy (4, 5). In
rare cases, life threatening late events including fistula formation and soft tissue necrosis have been
reported following dose-escalated radiotherapy (6). Multiple strategies to mitigate long-term rectal
toxicity have been employed including sophisticated radiation techniques such as intensity
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modulated radiotherapy (IMRT), proton beam therapy (PBT),
and physical devices such as rectal balloons and implanted
materials to physically separate the posterior aspect of the
prostate from the anterior rectal wall (7-9). In this article, we
review the development, data, and rationale for utilization of
hydrogel rectal spacers in prostate SBRT dose escalation for
unfavorable risk prostate cancer.

HYDROGEL RECTAL SPACER
BACKGROUND AND DEVELOPMENT

Regardless of treatment site and modality, radiation dose is often
only limited by the dose constraints of the surrounding organs at
risk. On account of the intimate association between the posterior
prostate and the anterior wall of the rectum, significant interest has
arisen in developing a means of physical separation between the two
organs to reduce radiation-induced rectal toxicity. The posterior
prostate and seminal vesicles are separated from the rectum by a
fibromuscular structure known as the rectoprostatic (Denonvilliers’)
fascia (10). During radical prostatectomy, the tissue plane posterior
to this fascia and anterior to the muscular wall of the rectum is
dissected and exploitation of this potential space has proven
attractive for creating artificial geometric separation between the
prostate and rectum for patient’s undergoing non-operative
treatments such as cryoablation (11).

Multiple different space-creating solutions have been developed
over the past 10-15 years, including an implanted bio-absorbable
balloon, hyaluronic acid, human collagen, and polyethylene glycol
(PEG) based hydrogel (12-14). Of these various methods, the
hydrogel spacer is the most widely used and has the largest wealth
of supporting clinical data. In fact, extensive experience with PEG
based hydrogels in humans existed prior to the development of the
rectal spacer — they have been used as sealants following vascular
puncture, dural repair, and pleural decortication (15-17). After
placement, the hydrogel remains solid for approximately 3 months
before it begins to resorb, which typically occurs by 6 months.
Complete resorption in 100% of patients is seen 9 months post-
placement (18).

The most widely available rectal spacer formulation,
marketed as SpaceOARTM, was initially developed by a start-up
company called Augmenix and received Food and Drug
Administration (FDA) approval in 2015 (19). Augmenix was
subsequently purchased by Boston Scientific in 2018 (20).
SpaceOAR Vue'" is a newer, similar PEG hydrogel with
approximately 1% iodine, allowing improved visualization on
CT-based imaging and accurate spacer delineation in patients
with a contraindication to MRI (21).

HYDROGEL RECTAL SPACER IN
PRACTICE AND CLINICAL DATA

A single, prospective, multi-center phase III randomized trial
represents the highest level of evidence in support of rectal

spacer application (18, 22-24). In this study, 222 patients with
clinical T1 or T2 prostate cancer were randomized to dose
escalated image-guided IMRT with or without hydrogel rectal
spacer placement prior to treatment. All patients received
intraprostatic fiducial markers for image-guided radiotherapy
(IGRT) and were treated to a total dose of 79.2 Gy in 1.8 Gy
daily fractions. Pelvic lymph nodes were not included in the
clinical target volume (CTV), and seminal vesicles were included
at the treating physician’s discretion. Statistically significant
dosimetric improvements were identified in the rectal volume
receiving at least 50 Gy, 60 Gy, 70 Gy, and 80 Gy. With a median
follow-up of three years, patients who received a rectal spacer
experienced a significantly lower incidence of grade 1 and grade 2
rectal toxicity, as well as grade 1 urinary toxicity (22). Patient
reported QoL outcomes were also better in those patients with a
rectal spacer, and secondary analysis suggested improvements in
long-term sexual function as well - hypothetically due to lower
dose to other OARs such as the penile bulb made feasible by easier
attainment of rectal constraints (23).

Multiple other non-randomized studies have been performed
which demonstrate the dosimetric and clinical benefits to
hydrogel rectal spacer placement. Beyond improving clinical
outcomes for patients treated with conventionally fractionated
radiotherapy (e.g., 79.2 Gy in 44 fractions) or moderately
hypofractionated treatment (e.g., 60 Gy in 20 fractions), there is
considerable interest in utilizing the technology to allow for
greater dose escalation, particularly in patients treated with
SBRT. Although SBRT for patients with low- and intermediate-
risk disease typically experience low rates of late toxicity with
typical dosing (35 - 36.25 Gy in 5 fractions) (25), substantial rectal
toxicity has been reported in patients treated with more aggressive
regimens. For instance, in one phase II dose escalation study from
the University of Texas — Southwestern, patients received
escalating doses up to 50 Gy in 5 fractions, with relatively high
rates of severe toxicity in this cohort (e.g. rectourethral fistula)
including 5 patients who required colostomy (26, 27).
Interestingly, 5 year biochemical disease control and distant
metastasis free survival were 98.6% and 100%, respectively
suggesting a benefit to dose escalation (28). Furthermore, the
excellent long-term toxicity outcomes reported in patients treated
with more typical SBRT dose regimens are achieved by
maintaining strict rectal dose constraints, often at the cost of
tight posterior margins and potential underdosing of the prostatic
peripheral zone (29, 30) (Figure 1). These tight posterior margins
(< 1-2 mm) may only be feasible with fastidious motion
management (31).

Improvements in target volume coverage as a result of spacer
placement can be difficult to identify using standard instruments
for plan evaluation in the clinical setting (32). Traditional dose-
volume histogram (DVH) analysis lacks any positional data (33),
and consequently it is an imprecise instrument to identify risk of
recurrence when small portions of the prostate are underdosed.
For example, the peripheral zone is the most common site of
origin with the prostate gland for cancer development (34), and
inadequate dose in small portions of this volume have been
associated with increased risk of recurrence (35).
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rectum leading to a “true” posterior margin on such plans closer to 1-2 mm.

RATIONALE FOR UTILIZING HYDROGEL
RECTAL SPACERS FOR PROSTATE SBRT

A recent randomized trial (FLAME) examined patients treated
with conventional radiation (77 Gy in 2.2 Gy fractions) while using
a simultaneous integrated boost (SIB) to deliver up to 95 Gy to an
MRI-defined visible intraprostatic lesion (36) (Figure 2). There
was a seven percent absolute improvement in biochemical disease-
free survival (bDFS) at 5 years, without statistically significant
changes in late toxicity and health-related QoL. However, standard
dose constraints in this study were strictly enforced, and the mean
dose delivered to the MRI-defined GTV (without PTV expansion)
was lower at 91.9 Gy (37) (Figure 3). Given that higher GTV dose
predicted increased 7-year biochemical disease-free survival
(bDES), it is reasonable to hypothesize that this benefit might
have been greater with more comprehensive target coverage
(Figure 3). In a follow-up phase II trial (hypo-FLAME), patients
received SBRT (35 Gy in 5 fractions) with an SIB up to 50 Gy (38).
While this approach was also well tolerated with low rates of late
gastrointestinal and genitourinary toxicity, MRI-defined lesion
coverage was even more difficult to achieve, with a median
D99% of 40.3 Gy in this cohort. These doses may be more
readily achievable with a well-placed rectal spacer (Figure 4).

In patients treated with SBRT, the use of a rectal spacer has
demonstrated improvements in rectoprostatic separation (1.1 cm
mean displacement), reduction of moderate and high rectal doses

5mm

'_: Standard Planning PTV

Actual Delivered PTV Margin after Cropping

FIGURE 1 | Cropping of the Planning Target Volume (PTV) secondary to stringent rectal dose constraints. In general, the PTV is formed by expanding the prostate
volume 3 mm posteriorly and 5 mm in all other dimensions. However, to achieve rectal dose constraints, the posterior margin is commonly cropped out of the

when tight PTV margins are utilized, and improvement of target
volume coverage (39). Further, this displacement may lead to
clinically reduced GI toxicity (40). Additionally, results from a
recent prostate SBRT Phase I dose escalation study showed
improved rates of pathological tumor clearance observed with
higher doses (41). Preliminary data from the same group suggest
that dose escalation may be even more important in unfavorable
risk patients with higher tumor burdens (42). These data are
supported by a recent tumor control probability (TCP) analysis
that demonstrated higher doses are required to achieve a TCP of
95% in high risk patients (43). Early data from high risk patients
suggest that 40 Gy in 5 fractions may improve bDFS at the cost of
increased rectal toxicity when SBRT is performed without the use
of a rectal spacer (44). A recent multi-institutional study of dose-
escalated SBRT to 45 Gy in 5 fractions did in fact show >80%
reduction in visualized rectal ulceration compared to previously
observed rates in a similar patient cohort with the use of hydrogel
Space OAR (45).

These studies indicate that dose escalation can produce
meaningful clinical benefits for prostate cancer patients, albeit
with an associated increased risk of severe long-term toxicity.
While cautious planning can effectively mitigate these risks, this
strategy requires sacrificing target coverage objectives and
potentially abrogating or blunting the positive effects of
escalation. One such approach is to deliver a moderate level of
dose escalation to the entire prostate with ablative SBRT doses to
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FIGURE 2 | Treatment Guidelines for FLAME study. In this randomized study of focal dose escalation, in the experimental arm patients received 77 Gy to the PTV
(70 Gy where there was overlap with the rectum) and 95 Gy to the MRI-defined GTV in 35 fractions using a simultaneous integrated boost.

suspected regions of highest-grade disease. Investigators on the
CK-DESPOT study deliver 40 Gy in 5 fractions to the entire
prostate while delivering 45-50 Gy to PI-RADS 4-5 nodules
(Figure 4) (46). At a median follow-up of 18 months, no grade
>2 GI toxicity has been recorded. (O. Obayomi-Davies, Personal
Communication, January 2022)

Moreover, even patients undergoing conventionally-dosed
radiotherapy for localized prostate cancer benefit from placement
of a hydrogel rectal spacer. As discussed previously, rectal spacers
reduce GI toxicity and maintain bowel quality of life following
standard dose IMRT, and these benefits may be markedly more
pronounced in patients at increased risk for high grade toxicity
including those with inflammatory bowel disease on anticoagulants,
though institutional reports suggest acceptable toxicity in these
populations with standard dose SBRT (47-49). Taken together,
these data strongly suggest a clear use for hydrogel spacers to
decrease toxicity, improve target coverage, and achieve safer, more
comprehensive dose escalation.

RATIONALE FOR UTILIZING IODINATED
HYDROGEL RECTAL SPACERS
FOR PROSTATE SBRT

One major downside to the first generation rectal spacer is the
similar radiodensities of the hydrogel and soft tissues such as the
prostate and rectum. Consequently, these rectal spacers are
difficult to visualize on CT scans, which can make accurate

contouring challenging. For optimal delineation, a treatment
planning MRI is required, but image registration and fusion is
inherently inaccurate, leading to uncertainties in the gel interface
with the prostate and rectum. This may lead to inaccuracies in
target and OAR dose calculations. The importance of these
inaccuracies is exacerbated when the prescription dose is
escalated. Todinated rectal spacers are readily visible on CT
scan without altering the MRI appearance, thereby improving
delineation of target volumes and OARs, which in turn helps
ensure accurate dose delivery.

CONTRAINDICATIONS TO HYDROGEL
RECTAL SPACER PLACEMENT

Per the manufacturer’s labeling, there are no explicit
contraindications to hydrogel rectal spacer placement for either
the SpaceOAR or the SpaceOAR Vue hydrogels. While this may
be accurate from a safety perspective, debate rages within the
radiation oncology community as to whether any oncologic
contraindications to treatment exist. Some practitioners advocate
caution in patients with radiographic evidence of posterior
extracapsular extension (ECE), while most do not consider
posterior capsule abutment a contraindication (Figure 5). Due
to these concerns, patients with more than 50% core positivity or
radiographic ECE were excluded from the phase III rectal spacer
trial (18). Theoretically, placing a rectal spacer in this situation
might inadvertently “push” prostate cancer cells towards the
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Impact of Prostate Motion

With SpaceOAR

Prostate -

| spaceoaR ———0,

greater boost margins and safer dose escalation.

Rectum ‘

FIGURE 3 | Impact of Rectal Spacer in Focal Dose Escalation. (A) Close proximity to the rectal wall can necessitate compromises in order to meet OAR constraints.
Furthermore, minimal or omitted boost margins mean slight changes in local anatomy can cause a geographic miss. (B) Placement of a rectal spacer allows for

rectum and beyond the area of high-dose radiotherapy, leading to
higher rates of local failure.

Another potential concern with the SpaceOAR Vue system is the
presence of iodine within the hydrogel and its safety in patients with
an allergy to iodinated-contrast media. Per the manufacturer’s
labeling “the use of this product in patients with documented
iodine sensitivities or allergies has not been extensively studied.
The risks and benefits of the decision to use in patients with a
documented iodine allergy should be carefully considered on a case-
by-case basis” (50). However, as the iodine molecules are covalently
bonded to the hydrogel preventing their release into systemic
circulation, the spacer should theoretically be well tolerated even
in those patients with a true contrast allergy (21).

HYDROGEL RECTAL SPACER
PLACEMENT PROCEDURE

Accurate placement is critical to maximize the benefits afforded by
the hydrogel rectal spacer, and this is especially true when
employing dose escalated regimens (51). Typically placement is

performed at the same time as fiducial marker placement (or
brachytherapy), adding minimal procedural time (52). The patient
is positioned in the usual dorsal lithotomy position as he would be
for a transperineal biopsy, fiducial placement, or brachytherapy
procedure. Choice of anesthesia is at the discretion of the treating
physician and anesthesiology team, but successful spacer placement
has been performed under local anesthesia, light sedation, and
general anesthesia. As the procedure is short and involves only a
single transperineal needle, patients who undergo placement with
only local anesthesia typically report minimal pain or discomfort
(53). Similar to transperineal biopsy or brachytherapy, the risk of
infection is much lower than transrectal procedures; while many
centers employ prophylactic antibiotics others do not (54).

Once the patient is positioned, the ultrasound probe is placed
within the rectum to visualize the prostate. Other procedures, such as
fiducial placement or brachytherapy, should be performed prior to
spacer placement as the gel can interfere with visualization of the
gland on ultrasound. Placement of the needle in the correct plane
and adequate hydrodissection are critical components of the
procedure to ensure a high-quality spacer implant for optimal
dosimetry (55). An 18G needle is placed bevel-down in the
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with an integrated boost to 50 Gy while maintaining excellent OAR dosimetry.

FIGURE 4 | Representative SBRT patient treated with focal dose escalation and hydrogel rectal spacer. The patient received 40 Gy in 5 fractions to the prostate

W right nodu by MRI
W rioht noduis by MRI

SR ovee ] v tp o oo

Tumor with
| Gross Posterior ECE

(Contraindication)

FIGURE 5 | Contraindications to Hydrogel Rectal Spacer Placement. Most practitioners consider gross or radiographic posterior ECE a contraindication to spacer
placement. Contrarily, spacer placement is acceptable in those patients with capsular abutment only.

Prostate

Urethra

Tumor Abutting
Capsule

(Acceptable)

Rectum

midline perineum approximately 2 cm above the TRUS probe angled
slightly (~15 degrees) posteriorly. The sagittal viewing plane is used
as the needle is advanced to the mid-gland in the space anterior to
the rectum and posterior to the rectoprostatic fascia. The axial
viewing plane should be utilized to confirm midline position of the
needle, with slight needle movements to ensure the needle has not
been introduced into the anterior rectal wall. A small “puff” of saline
is then employed to confirm placement prior to full hydrodissection
of the space with approximately 10 mL of saline. Prior to proceeding
with hydrogel placement, a small amount of fluid should be aspirated
to ensure the needle is not placed intravascularly.

The saline syringe is then removed, and hydrogel applicator
attached to the needle. The hydrogel is then slowly injected into

the hydrodissected space. For placement of the original SpaceOAR,
the hydrogel is injected over 10 seconds, while the radio-opaque
SpaceOAR Vue is injected over approximately 20 seconds. Once
injection is started, it is critical that it be done in a continuous, smooth
motion without stops to prevent polymerization and clogging within
the needle. The needle is then removed, completing the procedure.

PROCEDURE-RELATED RISKS OF
RECTAL SPACER PLACEMENT

In general, the procedure is well tolerated with limited risk of
adverse effects. Some patients have reported self-limited
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discomfort and rectal tenesmus following the procedure, though
this appears to be relatively uncommon (18). Though cases of
inadvertent injection of hydrogel into the rectal wall or bladder
have been reported, the majority of these resolve with
conservative management and time, which allows the
hyrdrogel to slowly resorb (56, 57). Careful review of treatment
planning imaging is required prior to radiotherapy to ensure
appropriate spacer position.

Nonetheless, some practitioners do advocate caution
before routine adoption of a hydrogel rectal spacer in all
prostate cancer patients slated for radiotherapy (58).
Common counter-arguments include a failure in the phase
III trial to meet the primary safety endpoint (grade 1+ rectal
or procedural adverse events in the first 6 months: 34-2% vs
31-5%, p=0.7), although secondary analyses demonstrated
significant benefits in both practitioner-graded toxicities and
patient-reported outcomes. Additionally, a small study of the
FDA Manufacturer and User Facility Device (MAUDE)
database reported severe complications in a small number of
patients, 11 of whom required surgical intervention, following
hydrogel rectal spacer placement (59). These complications
included perineal abscess requiring drainage, rectourethral
fistula, proctitis requiring colostomy, and severe urosepsis
necessitating ICU level care. Two patients died following
spacer placement, although in one case the cause of death
was uncertain and in the other it was unrelated to the rectal
spacer. Ultimately, the quality of spacer placement, benefit to
the patient and potential risks are dependent on the individual
provider’s ability and experience, underscoring the
importance of proper training and certification for providers
who wish to place rectal spacers in their patients. Finally,
controversy and uncertainty persist regarding the cost-
effectiveness of the procedure (60).

O—— Prostate ——O

|| Rectal Contour

FIGURE 6 | SBRT Treatment Planning. The radiation sensitivity of the rectum in patients with inflammatory bowel disease is unknown; the goal is to decrease the
rectal dose to as low as reasonably achievable (ALARA). For many patients, the hydrogel is incorporated into the rectal contour to maximize rectal spacing (A). In
other patients, the spacer is not incorporated to allow for dose escalation while maintaining strict rectal dose constraints (B).

ASSESSMENT OF SPACER PLACEMENT
AND PLANNING CONSIDERATIONS

Given the limitations of trans-rectal ultrasound image quality,
optimal assessment of rectal spacer placement is typically
performed at the time of radiotherapy simulation. In addition
to typical CT-based simulation, a dedicated treatment planning
MR scan is preferred for optimal evaluation, although the advent
of an iodinated, radio-opaque spacer has made treatment
possible for those patients with a contraindication (21).

In the phase III spacer trial, the mean peri-rectal distance was
1.6 mm prior to placement and 12.6 mm following hydrogel
application, consistent with other institutional and dosimetric
studies (18). In this patient population, a secondary, post-hoc
semi-qualitative analysis of hydrogel symmetry demonstrated
that approximately 50% of patients had fully symmetrical spacer
placement all levels assessed, though only 32% of patients had
hydrogel present at both the base and the apex (61). Nonetheless,
a 25% reduction in the rectal volume receiving at least 70 Gy
(V70) with the addition of a rectal spacer was achieved in greater
than 97% of patients, suggesting that the overwhelming majority
of patients experience a clinical benefit even in the face of
suboptimal spacer placement. Multiple other non-randomized
studies have recapitulated similar results in large patient
populations, and there is some evidence to suggest a learning
curve effect with improvements in placement quality over time
(62), consistent with similar trends observed in patients
undergoing brachytherapy (63).

Concerns have arisen regarding the clinical implications of
rectal wall infiltration (RWI) as identified on treatment planning
MRIs. Six percent of patients on the aforementioned phase III
study were noted to have RWI of the hydrogel, though more than
half of these cases consisted of “small, discrete areas” of
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infiltration, while only a single patient was noted to have
radiographic involvement of more than 25% of the rectal wall
circumference (61). Fortunately, there was no identifiable
increase in toxicity in patients with RWI, and the one patient
with substantial RWT experienced no procedural, acute, or late
toxicity. Nonetheless, RWI should be treated with a high degree
of caution given the possibility of catastrophic toxicity if it is not
identified prior to definitive treatment. In one case report of a
patient undergoing dose-escalated SBRT (45 Gy in 5 fractions)
with a rectal spacer, RWI was not identified during treatment
planning, and the patient ultimately required abdomino-perineal
resection (APR), cystoprostatectomy, and ileal conduit placement
secondary to complications from a large recto-urethral fistula (51).
In retrospect, hydrogel was identified within the submucosa of the
rectum, secondary to delamination and discontinuity of the
muscularis propria. The authors of this report suggest careful
evaluation of planning MRI scans for RWI and referral for
endoscopic evaluation in cases of concern, with a low threshold
to delay treatment until spacer resorption if any abnormalities are
noted. Thankfully, while this case highlights the need for careful
radiographic assessment of spacer placement, it also represents an
extremely rare outlier from an otherwise safe procedure.

The optimal rectal dose constraints for patients with a rectal
spacer undergoing conventionally fractionated radiotherapy,
moderately hypofractionated radiotherapy, or SBRT are
currently unknown. At a minimum, typical dose constraints
used in non-spacer patients should be easily achievable with
placement of a spacer (21), and should ideally allow for safer dose
escalation (64). One frequently employed strategy to aggressively
manage rectal dose is to contour the spacer itself as part of the
rectal contour, although retrospective data suggest that this
approach may not yield optimal treatment plans (65) (Figure 6).

CONCLUSIONS AND FUTURE
DIRECTIONS

With the results of the recently published HYPO-RT-PC trial
demonstrating excellent outcomes for prostate cancer patients
treated with extreme hypofractionation as well as the
disincentive to longer treatment courses predicted with
implementation of the forthcoming radiation oncology
payment model, utilization of SBRT is expected to increase
dramatically in the coming decade (66-68). However, despite
its recent adoption as an acceptable front-line treatment in the
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National Cancer Consensus Network (NCCN) guidelines (69),
optimal dose constraints remain nebulous, especially as dose
escalation becomes more widespread. Yet even with this
uncertainty, placement of a hydrogel rectal spacer produces
dosimetric improvements as well as clinically significant
decreases in toxicity that may make it indispensable in
treatment of prostate cancer patients, particularly those with
high-risk disease.

Multiple forthcoming trials seek to refine dose-escalated and
hypofractionated radiation schema, and the use of a hydrogel
rectal spacer will be essential in many of these studies. For
example, the ongoing SABRE (Effectiveness of the SpaceOAR
Vue System in Subjects with Prostate Cancer being Treated with
Stereotactic Body Radiotherapy) is a multi-center, prospective,
randomized study which will evaluate the role of the SpaceOAR
Vue in patients with intermediate risk prostate cancer (70).
Patients on this study will receive dose-escalated SBRT (40 Gy
in 5 fractions) with the primary outcome measure of a reduction
in late GI toxicity (Grade 2+ between 3- and 24-months
post-treatment).

In summary, placement of a hydrogel rectal spacer is a low-
risk procedure that produces meaningful clinical benefits for
patients undergoing definitive radiotherapy for localized prostate
cancer. Dosimetric improvements are noted in the vast majority
of cases, even when rectal spacer placement is suboptimal,
though careful assessment of hydrogel placement is required
for each patient. Complications associated with spacer
placement; especially severe adverse events are rare. Ongoing
studies will help to clarify the potential benefits in patients
undergoing dose-escalated and hypofractionated regimens.
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