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Abstract

:

Objectives: Our objective was to assess the rate of complications and gastrointestinal adverse effects of rectal spacer insertion for salvage post prostatectomy radiation therapy. Methods: A retrospective observational study was performed. Between September 2018 and March 2022, 64 post-radical prostatectomy patients who were planned for salvage radiation therapy received a rectal spacer. The selected patients were those who had nerve-sparing prostatectomy with intrafascial or interfascial dissections (where Denonvillier’s fascia is retained). Radiation dose to the rectal wall and gastrointestinal symptoms were assessed. Symptoms were graded using the National Cancer Center Institute Common Terminology Criteria for Adverse Events v4.0 grading scheme. A total of 39 patients had pre-spacer planning computer tomography (CT) scans, and the rectal dose before and after the spacer insertion was calculated. Comparisons were made using the Student’s t-test, with a p-value < 0.05 representing statistical significance. Finally, clinicians were surveyed to rate the ease of the procedure using a 5-point Likert scale of 1 to 5 (1: very difficult, 2: difficult, 3: moderate, 4: easy, 5: very easy). Results: A total of 64 patients successfully underwent rectal spacer insertion. The mean age was 64.4 years (standard deviation: 5.7 years). After a median of 14 months’ (range 6 to 35) follow up, acute grade 1 and above gastrointestinal (GI) toxicities were seen in 28% of patients (grade 2 in 1.5%), and late grade 1 and above GI toxicities were seen in 12% of patients (grade 2 in 1.5%). Amongst the 39 patients with pre-spacer planning CT images, the volume of the rectum receiving 60%, 70%, 80%, 90%, and 100% of the prescribed radiation dose was reduced by 25.9%, 34.2%, 35.4%, 43.7%, and 61.7%, respectively. All dose reductions were statistically significant. The procedure was rated as “easy” or “very easy” to perform in 56% of cases. Conclusions: The insertion of a rectal spacer in selected patients undergoing PPRT is feasible and safe and significantly improves rectal wall radiation dosimetry in salvage post prostatectomy radiation therapy. It was accomplished in >95% of patients, increasing vesico-rectal separation from ‘immediate vicinity’ to 11 mm without any post-operative complications in experienced hands. In addition, it achieved significant reduction in rectal radiation doses, leading to low rates of acute and late grade 2 toxicity.
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1. Introduction


Biochemical recurrence after radical prostatectomy is estimated to occur in 20% to 40% of patients with prostate cancer [1]. Salvage post prostatectomy radiation therapy (PPRT) is a potentially curative treatment in this patient cohort [1]. However, significant gastrointestinal (GI) side effects from high-dose radiation to the rectal wall is a dose limiting factor [2]. The risk of significant late grade 2 GI toxicity varies from 8% to 14% [3,4,5]. The SAKK09/10 study reported a combined 11.5% risk of late grade 2–3 GI toxicity at 64Gy with a doubling of toxicity when the dose was escalated to 70 Gy [6]. The rates of grade 2–3 GI toxicity were higher than what we would expect for intact prostates despite a lower dose of radiation. This is not surprising as the posterior border of the area for radiation therapy or clinical target volume (CTV) is placed at the mesorectal fascia (usually anterior rectal wall) superiorly above the pelvic floor. To safely deliver radiation and reduce the radiation dose to the rectum, the placement of a spacer between the target anatomy (prostate bed) and the rectum may be considered [7].



There are several changes in bladder and rectal anatomy following a prostatectomy that require consideration before the insertion of a rectal spacer [8]. Spacer placement in the treatment naïve patient consists of identifying the perirectal fat situated posterior to Denonvillier’s fascia and anterior to the fascia propria of the rectum. After a prostatectomy, however, there are several changes to the anatomy in this area. Firstly, the prostate is no longer present, and the Denonvillier’s fascia may be resected in the setting where there is concern about T3 disease posteriorly. Secondly, consideration needs to be given to the location of recurrence. The anastomotic site represents the most common area of recurrence, followed by the bladder neck and rectovesical regions [9]. Given the potential difficulties in the insertion of a rectal spacer in the post-prostatectomy setting, there are minimal data reporting on the technique, the success of this procedure, the procedural complication rates, and its effectiveness in reducing the rectal dose.



There are limited data in the current literature regarding rectal spacer insertion in the post-prostatectomy setting. Despite this, the scant evidence suggests significant improvements in GI symptoms with spacer insertion [10]. As such, we perform a retrospective analysis to report on a cohort of patients who received rectal spacing prior to salvage radiation therapy with the aim of assessing the rates of complications and GI adverse effects.




2. Methods


2.1. Study Population


After institutional ethics approval (GenesisCare Office of Research approval number 2022/ETH00247), a retrospective analysis of patients undergoing salvage PPRT and rectal spacer insertion between September 2018 and March 2022 was performed. Indications for post-prostatectomy radiation therapy (PPRT) included biochemical recurrence with a rising PSA in patients with known extracapsular extension, seminal vesicle involvement, or positive margins. Patients considered for rectal spacer insertion also had prior nerve-sparing prostatectomy with intrafascial or interfascial dissections. This is important as Denonvillier’s fascia will be retained along with the perirectal fat. Patients who had extrafascial dissections were not considered for rectal spacing. In addition, this cohort of patients also did not have metastatic or macroscopic local recurrence detected on their prostate-specific membrane antigen positron emission tomography (PSMA-PET) imaging, and as such, the prostate bed was targeted.




2.2. Rectal Spacer and Technique


Patients underwent rectal spacing with either hyaluronic acid (Barrigel®, Palette Life Sciences, Santa Barbara, CA, USA) or hydrogel (SpaceOAR®, Boston Scientific, Massachusetts, Marlborough, MA, USA). The insertion technique is demonstrated in Figure 1. The rectal spacer was inserted into the perirectal fat posterior to the retained Denonvillier’s fascia between the bladder and anterior rectal wall using a transperineal approach under TRUS guidance. An indwelling urinary catheter was inserted to help delineate the vesico-urethral anastomosis (VUA). The perirectal fat was identified between the bladder and anterior rectum. An 18G spinal needle (Quincke Type Point® Spinal Needle, BD, Stockholm, Sweden) was inserted using a freehand technique targeting the midline of the prostate bed under sagittal TRUS guidance. Hydrodissection of the perirectal fat in the sagittal midline with 3 to 5 mL of sterile saline was attempted and, if successful, followed by insertion of 6 to 9 mL of hyaluronic acid (66% of cases) or hydrogel. After insertion, the vesico-rectal separation was calculated by measurement at the midline of spacer’s sagittal length. Pre- and post-spacer insertion images can be seen in Figure 2.




2.3. Radiation Therapy


A total of 39 patients had a pre-spacer computerized tomography (CT) scans available for assessment. These are not routine but conducted as planning CT scans prior to a patient-led decision change regarding rectal spacer insertion. Pre- (when available) and post-perirectal spacer CT planning scans, together with post-perirectal spacer MRI scans, were acquired for dosimetric comparison (see Figure 3). The prostate bed CTV was delineated according to standard Australian guidelines [11], and the CTV was uniformly expanded by 7 mm [12] to create the planning target volume (PTV). The prescribed dose to the prostate bed was 70.2 Gy in 1.8 Gy fractions using volumetric arc radiation therapy [12]. Given PSMA-PET scans were negative in these patients, pelvic lymph nodes were not included in the radiation. The PTV and rectal dosimetry for the two sets of CT planning scans (PTV 7 mm/pre spacer and PTV 7 mm/post spacer) were compared.




2.4. Radiation Toxicities


Baseline symptoms relating to the GI tract were assessed. After radiation therapy, the patients were assessed for acute toxicity at two weeks and three months (≤3 months of radiation) and late toxicity at six months, and then every six months of their follow up (>3 months of radiation). The severity of each GI toxicity was graded based on the National Cancer Center Institute Common Terminology Criteria for Adverse Events v4.03 grading scheme [13].




2.5. Study Endpoints


The primary endpoint was the incidence of peri-operative complications and acute and chronic GI toxicity with rectal spacer in the post-prostatectomy radiation setting. Secondary endpoints included rectal dosimetry reduction, separation created by rectal spacer, change or interruption to radiation therapy, and ease of procedure as rated by the clinician. Rectal dosimetry reductions are reported at rV100%, rV90%, rV80%, rV70%, and rV60% in concordance with previous large, randomised control trials [14,15].




2.6. Data Collection and Analysis


Retrospective data were collected, including patient demographics, pre-prostatectomy serum PSA, pre-prostatectomy MRI findings, clinical staging, pathological staging, histology, and margin positivity. Once the rectal spacer was inserted, each case was rated by the operator on ease of spacer application based on a Likert scale of 1 to 5 (1: very difficult, 2: difficult, 3: moderate, 4: easy, 5: very easy).



For patients who had pre-spacer planning scans, rectal dosimetric comparisons were performed, and percentage reduction was assessed. The Student’s t-test was used for comparison, and statistical significance was defined as a p-value of <0.05. Patients were reviewed at two weeks, three months, six months, and then at intervals of six months post-PPRT.





3. Results


Between September 2018 and March 2022, a total of 67 patients underwent attempted rectal spacer insertion before their PPRT. Sixty-four patients underwent successful insertions of rectal spacers under general anaesthesia. Three patients did not receive a rectal spacer as the hydrodissection of the perirectal plane was unsuccessful. There were no post-operative complications reported. Thirty-nine patients had undergone pre-spacer insertion planning scans and were available for radiation dosimetry comparisons pre- and post-spacer insertion.



The patient cohort characteristics are summarised in Table 1. The mean age of the cohort was 64.4 years (SD: 5.7 years). All underwent radical prostatectomies and had experienced biochemical recurrence with a median PSA of 0.2 nmol/mL. A PSMA-PET/CT was performed, and there were no areas of avidity; thus, the prostate bed was targeted for radiation therapy. Neoadjuvant androgen deprivation therapy was initiated in 75% of patients.



The pre- and post-spacer insertion characteristics are summarised in Table 2. The distance between the bladder and rectal wall increased from ≤2 mm to a median of 11mm [9,10,11,12,13] at its greatest extent. Grade 1 rectal wall infiltration, as defined by Fisher-Valuck et al., was seen in 3% (2/67) [16]. These cases were asymptomatic and were monitored. Following rectal spacing, the rectal volume for all patients (N = 67) receiving 42.2 Gy (rV60%), 49.1 Gy (rV70%), 56.2 Gy (rV80%), 63.2 Gy (rV90%), and 70.2 Gy (rV100%) were 28.1%, 23%, 17.9%, 12.5%, and 3.8% respectively. A statistically significant reduction was seen on all rectal volume end points from rV60% to rV100% in the 39 patients with both pre- and post-rectal spacer CT planning scans (see Table 3).



All patients completed their planned PPRT. The median follow up was 14 months (range 6 to 35). Acute GI toxicity was reported in 28% of patients (G1 27% and G2 1%). Late GI toxicity was reported in 12% of patients (G1 10% and G2 1%). Acute GU toxicity was reported in 78% of patients (G1 72% and G2 6%). Late GU toxicity was reported in 25% of patients (G1 18% and G2 7%) (see Table 4). Recurrence was seen in five patients, with four being at a pelvic lymph node and one being a distant bony metastasis.




4. Discussion


Radiotherapy is widely used as a treatment option for prostate cancer. However, the rectum, due to its close proximity, is a dose-limiting structure [17]. If the rectum receives a high dose of radiation, this can lead to complications such as bleeding, frequency, urgency or mucus discharge, and even mucosal ulceration and fistula. As a result, various injectable agents have been placed in the perirectal fat to provide physical distancing between the prostate and rectum, leading to a reduction in the volume of patients’ rectum receiving high doses of radiation and a significant reduction in acute and late GI toxicity [14,15,18,19,20]. PPRT can also be associated with significant rectal toxicity [4,5]. Thus, we postulate that the effects of rectal spacing can be extrapolated to benefit this group of patients.



Limited studies have examined the use of rectal spacers in the post-prostatectomy setting. A literature review has only identified a case report [21], a conference presentation [22], and a small study of 21 patients [10]. There were no reported comparisons of the volume of the rectum receiving radiation with or without a rectal spacer. However, there are two randomised studies in the intact prostate setting that have shown a significant reduction in volume of rectum receiving high-dose radiation. The hyaluronic acid spacer trial showed an 85% reduction in volume of rectum receiving 90% of the prescription dose (rV90%) [15]. Our PPRT rectal spacing results also showed a significant reduction in the rV90% by 43.7%. This variance in the absolute percentage of reduction in rV90% can be explained by two factors. Firstly, the difference in the radiation field margins set for PPRT versus patients with intact prostates (a bigger 7 mm planning target volume margin posteriorly in PPRT vs. 5 mm for intact prostate). Secondly, due to the anatomical changes following a radical prostatectomy, it was not possible to space the entire length of the radiation field for PPRT. A spacer can only be inserted above the pelvic floor at the level of the VUA and superiorly, whereas the radiation fields extended below this. Despite these challenges, the use of a rectal spacer for PPRT still resulted in a significant reduction in rV90%, well above the 25% mark achieved for intensity modulated radiation therapy. This reduction in the volume of rectum receiving high-dose radiation is thought to reduce GI toxicity in our cohort.



Whilst the radiation dose used on the rectum serves as a marker of potential side effects, patient-reported side effects are also a reflection of toxicity and could better represent quality of life. Without rectal spacing, salvage radiation therapy can be associated with both acute and late gastrointestinal toxicities. Acute grade 2 or higher toxicities have been reported at 4% [4], while late grade 2 or higher toxicities have been reported at 8%–10% [4,5]. All of these studies had reported patients with grade 3 adverse events. There are a limited number of studies on salvage radiation with rectal spacing. Pinkawa et al. reported on a patient who underwent successful insertion of a rectal spacer between the recurrence and the anterior rectal wall [21]. This patient experienced frequency of stools (grade 1 GI toxicity) in the acute setting, and no gastrointestinal toxicity at 8 months of follow up. Similarly, Yeh et al. reported 9 of 32 (28%) patients who developed grade 1 GI toxicity in the acute setting, with complete resolution in all but three patients (9%) at six months’ follow up [22]. Similarly, Lehrich et al. found 43% patients had experienced acute grade 1 GI toxicity during the radiation treatment. Late toxicity was defined as those present at 6 months after radiation treatment, and 14% and 5% of patients experienced grade 1 and grade 2 toxicity, respectively. The present study provides the largest dataset to date, and our results concur with the currently available data. Significant acute grade 2 or more GI toxicity was reported in 1% (1/67) of patients. Late grade 1 GI toxicity was reported in 10% (7/67) of patients ableit with a short median follow up. Furthermore, the worst GI toxicity experienced is grade 2 in severity, in comparison to the grade 3 or higher in previous reports [4,5]. As such, significant acute and late GI toxicity appears to be less common and less severe after rectal spacer insertion compared to PPRT patients without the use of rectal spacers [3,4,5,6].



Discussion regarding the process of spacer insertion in the post-prostatectomy setting is warranted, particularly given the concerns about feasibility [23]. Only patients who underwent a nerve sparing radical prostatectomy were considered for rectal spacing. A known intrafascial or interfascial dissection was a pre-requisite as this means Denonvillier’s fascia is retained and, with it, the perirectal fat behind it. It is this retained perirectal fat that we are inserting the rectal spacer into. If an extrafascial dissection is performed, by definition, this means Denonvillier’s fascia is removed and, with it, the perirectal fat behind it. Pinkawa et al. described the procedure as requiring “about 15 min” [21]; otherwise, there are currently no reports on the ease of rectal spacer placement in the post-prostatectomy setting. In the present study, we show that the majority of procedures (56%) were rated as “very easy” or “easy” on a 5-point Likert scale. Regardless of rating, all cases that were successfully hydrodissected also underwent successful insertions of rectal spacers with no immediate peri-procedural complications. The resultant vesico-rectal separation increased from immediate vicinity to a median distance of 11 mm. It should be noted that there were three cases where rectal spacer was not inserted as hydrodissection was unable to be achieved, and these were rated as “very difficult”. A further four cases were rated as “difficult” due to either thin perirectal fat or prominent rectal hump, resulting in a challenging needle entry and targeting of the perirectal fat layer. The above highlighted two points. Firstly, hydrodissection contributed to the safety of this procedure and should be an essential step. Secondly, despite post-operative changes and “difficult” ratings, an adequate separation of the rectum from the bladder above the pelvic floor can be achieved. These data reassure that with the correct training, this procedure can not only be used by widespread clinicians but also in a safe manner.



The present study had five (7%) patients with treatment failure at a median of 14 months follow up. This included four with nodal recurrence and one with distant bony metastatic disease. No patients had prostate bed recurrence. Current literature reports on the survival and progression of the disease often after three or five years of follow up, with 5-year progression-free survivals of 50.8% [24] and 68.4% [25] and a 6-year progression-free rate of 32% [26]. Our rate of progression is much lower. However, given our follow up period is considerably shorter, comparisons and conclusions of progression-free durations are difficult to draw. However, what can be compared is the location of disease progression. Lymph nodes are identified as a common site of treatment failure, which is followed by distant bony metastasis [27]. This is in concordance with our observed results.



Our study is not without limitations, with the main one being the lack of head-to-head comparisons of patient cohorts with and without a rectal spacer inserted. Notwithstanding this limitation, we provide the first analysis of the largest cohort of patients to undergo rectal spacer insertion for salvage radiation therapy in the post-prostatectomy setting.




5. Conclusions


Perirectal spacing in selected patients undergoing PPRT is feasible and safe and has the potential to reduce both acute and late GI toxicity. Successful perirectal spacing was completed in >95% of patients (64/67), increasing vesico-rectal separation from ‘immediate vicinity’ to 11 mm without any postoperative complications in experienced hands. In addition, it achieves significant reduction in rectal radiation doses. Both acute and late G2 toxicity is low, albeit with a short follow-up period.
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Figure 1. Ultrasound image demonstrating the insertion of needle to the level of the vesico-ureteric anastomosis and just prior to hydrodissection and its relationship to the rectum and bladder neck (as outlined by the catheter balloon). Inset: transperineal approach for insertion of rectal spacer; here, the syringe contains normal saline ready for hydrodissection. 
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Figure 2. Pre- and post-spacer insertion MRI images (sagittal) with hyaluronic acid in perirectal space extending just above pelvic floor. 
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Figure 3. Comparison of planned radiation area (green line) in the same patient pre- and post-rectal spacer insertion. Prior to spacer insertion, a long length of rectal wall (delineated by dotted orange line) was exposed to high dose radiation. This decreased by the use of hyaluronic acid spacer (yellow line). Abbreviations: CTV—clinical tumour volume, PTV—planning tumour volume, VUA—vesicoureteric anastomosis. 






Figure 3. Comparison of planned radiation area (green line) in the same patient pre- and post-rectal spacer insertion. Prior to spacer insertion, a long length of rectal wall (delineated by dotted orange line) was exposed to high dose radiation. This decreased by the use of hyaluronic acid spacer (yellow line). Abbreviations: CTV—clinical tumour volume, PTV—planning tumour volume, VUA—vesicoureteric anastomosis.



[image: Siuj 05 00020 g003]







 





Table 1. Patient characteristics and perioperative factors.
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Characteristic

	

	






	
N

	

	
67




	
Age (years), mean (SD)

	

	
64.4 (5.7)




	
Pre-prostatectomy PSA, median (IQR)

	

	
6.60 (4.50, 9.40)




	
Clinical TNM staging, n (%)

	
T1

	
17 (25%)




	
T2

	
49 (73%)




	
T3

	
1 (1%)




	
Pathological TNM staging, n (%)

	
T2

	
18 (27%)




	
T3

	
49 (73%)




	
T3a

	
38




	
T3b

	
11




	
Positive margin rate, n (%)

	

	
43 (64%)




	
ISUP Grade, n (%)

	
1

	
3 (4%)




	
2

	
31 (46%)




	
3

	
16 (24%)




	
4

	
10 (15%)




	
5

	
7 (10%)











 





Table 2. Pre- and post-spacer insertion characteristics.
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Pre-Spacer Insertion Factors

	

	






	
Pre-radiation PSA, median (IQR)

	

	
0.20 (0.14, 0.36)




	
Space between bladder and rectum pre-spacer insertion (mm), n (%)

	
0

	
61 (91%)




	
1

	
5 (7%)




	
2

	
1 (1%)




	
Neoadjuvant therapy, n (%)

	
None

	
17 (25%)




	
Triptorelin

	
9 (13%)




	
Leuprorelin

	
33 (49%)




	
Goserelin

	
8 (12%)




	
Proposed duration of ADT, n (%)

	
24 months

	
1 (2%)




	

	
6 months

	
49 (98%)




	
Post-rectal spacer insertion factors

	

	




	
Type of rectal spacer, n (%)

	
Hyaluronic Acid

	
44 (66%)




	
Hydrogel

	
20 (30%)




	
No spacer inserted

	
3 (4%)




	
Vesico-rectal separation in x-axis post spacer insertion (mm), median (IQR)

	

	
11.0 (10.0, 13.0)




	
Distance in y-axis post spacer insertion (mm), median (IQR)

	

	
42.0 (38.0, 48.0)




	
Radiation therapy duration (days), median (IQR)

	

	
56.0 (55.0, 57.0)




	
Ease of spacer insertion, n (%)

	
1—very difficult

	
3 (4%)




	
2—difficult

	
4 (6%)




	
3—moderate

	
22 (33%)




	
4—easy

	
33 (49%)




	
5—very easy

	
5 (7%)











 





Table 3. Volume of patients’ rectum exposed to radiation based on a planning treatment volume of 7 mm margin for the 39 patients with pre- and post-spacer CT scans. Student’s t-test was used for comparison of the p-values quoted.
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	Volume of Rectum Receiving Radiation Dose
	Pre-Spacer Insertion (cm3), Median (SD)
	Post-Spacer Insertion (cm3), Median (SD)
	Reduction, %
	p-Value





	Rectal volume receiving 60% of radiation dose
	39.95 (6.95)
	29.61 (7.35)
	25.9
	<0.001



	Rectal volume receiving 70% of radiation dose
	35.39 (6.23)
	24.32 (6.76)
	34.2
	<0.001



	Rectal volume receiving 80% of radiation dose
	29.56 (6.16)
	19.11 (6.01)
	35.4
	<0.001



	Rectal volume receiving 90% of radiation dose
	23.65 (5.23)
	13.32 (4.83)
	43.7
	<0.001



	Rectal volume receiving 100% of radiation dose
	8.54 (3.72)
	3.27 (2.57)
	61.7
	<0.001










 





Table 4. Functional toxicities and outcomes post radiation therapy with rectal spacer in situ.
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Toxicity

	
Severity

	
Definition of Toxicity Severity

	
Acute Toxicity

	
Late Toxicity






	
Any GI Toxicity

	
0

	

	
48 (72%)

	
59 (88%)




	
1

	

	
18 (27%)

	
7 (10%)




	
2

	

	
1 (1%)

	
1 (1%)




	
Anal Haemorrhage

	
0

	
No anal haemorrhage

	
67 (100%)

	
67 (100%)




	
Anal Pain

	
0

	
No pain

	
65 (97%)

	
67 (100%)




	
1

	
Mild pain

	
2 (3%)

	
0




	
Faecal Incontinence

	
0

	
No faecal incontinence

	
67 (100%)

	
67 (100%)




	
Diarrhoea

	
0

	
No diarrhoea

	
56 (84%)

	
66 (99%)




	
1

	
Increase of <4 stools per day over baseline; mild increase in ostomy output compared to baseline

	
10 (15%)

	
0 (0%)




	
2

	
Increase of 4–6 stools per day over baseline; moderate increase in ostomy output compared to baseline

	
1 (1%)

	
1 (1%)




	
Proctitis

	
0

	
No proctitis

	
60 (90%)

	
61 (91%)




	
1

	
Rectal discomfort, intervention not indicated

	
7 (10%)

	
6 (9%)




	
Rectal Haemorrhage

	
0

	
No rectal haemorrhage

	
67 (100%)

	
66 (99%)




	
1

	
Mild; intervention not indicated

	
0 (0%)

	
1 (1%)




	
Rectal Pain

	
0

	
No rectal pain

	
67 (100%)

	
67 (100%)




	
Rectal Fistula

	
0

	
No rectal fistula

	
67 (100%)

	
67 (100%)
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