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Background/purpose

Dose-escalated external beam radiotherapy (RT) is effective in the control of prostate cancer but is associated with a greater incidence of rectal adverse events. We assessed the dosimetric gain and safety profile associated with implantation of a new biodegradable rectal spacer balloon.



Materials/methods

Patients scheduled for image-guided, intensity-modulated RT for intermediate-risk prostate cancer were prospectively included in the French multicenter BioPro-RCMI-1505 study (NCT02478112). We evaluated the dosimetric gain, implantation feasibility, adverse events (AEs), and prostate-cancer-specific quality of life associated with use of the balloon spacer.



Results

After a scheduled review of the initial recruitment target of 50 patients by the study’s independent data monitoring committee (IDMC), a total of 24 patients (including 22 with dosimetry data) were included by a single center between November 2016 and May 2018. The interventional radiologist who implanted the balloons considered that 86% of the procedures were easy. 20 of the 24 patients (83.3%) received IMRT and 4 (16.7%) received volumetric modulated arc therapy (78-80 Gy delivered in 39 fractions). The dosimetric gains associated with spacer implantation were highly significant (p<0.001) for most variables. For the rectum, the median (range) relative gain ranged from 15.4% (-9.2−47.5) for D20cc to 91.4% (36.8−100.0) for V70 Gy (%). 15 patients (62%) experienced an acute grade 1 AE, 8 (33%) experienced a late grade 1 AE, 1 (4.2%) experienced an acute grade 2 AE, and 3 experienced a late grade 2 AE. No grade 3 AEs were reported. Quality of life was good at baseline (except for sexual activity) and did not markedly worsen during RT and up to 24 months afterwards.



Conclusion

The use of a biodegradable rectal spacer balloon is safe, effective and associated with dosimetric gains in modern RT for intermediate-risk prostate cancer.
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Introduction

A number of randomized clinical trials have notably demonstrated that dose-escalated external beam radiotherapy (RT) can effectively achieve good biochemical and clinical outcomes in prostate cancer (1–6). In the multicenter Medical Research Council RT01 trial, patients were randomized to conformal RT with either 64 or 74 Gy (2 Gy/session) plus 3 to 6 months of neoadjuvant hormone therapy; the 5-year biochemical relapse–free survival rate was 71% in the 74 Gy group and 60% in the 64 Gy group (p=0.0007) (3). Likewise, the GETUG 06 trial showed that dose escalation from 70 to 80 Gy provided a better 5-year biochemical outcome but slightly more adverse events (AEs) (1). However, the anatomic proximity between the prostate, the urinary tract and the rectum means that the latter are also exposed to the toxic effects of ionizing radiation. Hence, dose escalation is associated with a higher relapse-free survival rate but also with a greater frequency of urinary tract and rectal AEs and erectile dysfunction. The development of modern, intensity-modulated RT (IMRT) enabled escalation of the prostate dose to 78 Gy with the same risk of rectal toxicity as three-dimensional conformal RT at 70 Gy (3). Furthermore, the use of volume-modulated arc therapy has shortened treatment times without sacrificing tissue coverage (7, 8).Lastly, irradiation of the urinary tract and rectum can be minimized by targeting the dose to the prostate as accurately as possible with using image-guided RT (IGRT). In a comparative study, the use of IGRT was associated with a lower rate of grade ≥2 urinary tract AEs at 3 years (10.4%, vs. 20% in a control group) (5).

Despite these technical advances, however, the dose delivered to the rectum (via external beam RT or brachytherapy) remains a limiting factor in dose escalation. A number of researchers reasoned that the incidence and severity of rectal AEs could be reduced by increasing the distance between the prostate and the rectum via the insertion or injection of spacers made of biodegradable material [e.g. hyaluronic acid (HA)] or non-biodegradable material [e.g. polyethylene glycol (PEG)] into the perirectal fat. Indeed, the use of spacers is associated with less rectal AEs (9–11). By way of an example, 222 patients with stage T1 or T2 prostate cancer and undergoing image-guided IMRT (79.2 Gy in 1.8-Gy fractions) were randomized to spacer implantation or no implantation (12, 13). The incidence of rectal AEs 3 to 15 months after treatment was significantly lower in the spacer group (2.0%) than in the control group (7.0%; p=0.04). Furthermore, bowel-related quality of life (QoL) 6, 12, and 15 months after the end of IMRT was significantly better in the spacer group (12, 13).

The ProSpace® biodegradable fillable balloon (BioProtect Ltd, Tzur Yigal, Israel) is a rectal spacer with confirmed safety and efficacy in preclinical and clinical studies (14–19).

Although the insertion procedure is slightly more invasive than for HA and PEG spacers (a small perineal incision and a special dilator and sheath are required), inflation of the balloon with sterile diluted iodine contrast solution (or physiological saline solution, if iodine is contraindicated) avoids the potential lateral and craniocaudal dispersion of spacer material (18). In a Phase II multicenter study, the mean ± standard deviation (SD) prostate-rectum distance was 0.22 ± 0.2 cm before insertion and 2.47 ± 0.47 cm after insertion; this distance was maintained during RT (20).

The present prospective, interventional, multicenter study was designed to assess the dosimetric gain, implantation procedure, and acute and late AEs associated with use of the contrast-filled ProSpace® balloon for better image-guided targeting in patients undergoing IMRT of intermediate-risk prostate cancer (16). Here, we report the final results for the primary efficacy criterion (dosimetric gain) and some of the secondary criteria, together with intermediate results for other secondary criteria (notably QoL and safety).



Methods and Materials

The study’s rationale and protocol (including the study objectives, inclusion and exclusion criteria, device characteristics, device implantation, dosimetric criteria, safety evaluation and patient-reported outcomes) have been described in detail elsewhere (16). Briefly, adult patients scheduled for IGRT (with cone-beam CT) and IMRT (78 G, 2 Gy/fraction) for intermediate-risk prostate cancer [according to the D’Amico classification (21)] were prospectively screened for eligibility in six French cancer centers. The study’s main inclusion and exclusion criteria are listed in Supplementary Table 1, and the study visits and procedures are summarized in Supplementary Table 2. The primary objective was to evaluate the dosimetric gain for the organs at risk (OAR) associated with use of the ProSpace® biodegradable balloon. The secondary objectives were to evaluate (i) the technical feasibility of the balloon’s implantation, (ii) AEs (evaluated according to the National Cancer Institute – Common Terminology Criteria for Adverse Events (CTCAE, version 4.0; https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40), (iii) the time interval between implantation and the initiation of radiotherapy and the relationship with implantation-related complications, (iv) the association between ProSpace® use and treatments for acute proctitis and (v) QoL (using the European Organisation for Research and Treatment of Cancer (EORTC) score QoL self-questionnaire (QLQ-C30) and the prostate-cancer-specific PR25 module (22, 23). “Early” AEs were defined as those arising within 6 months (rather than 3 months, in the CTCAE) of RT.

The dosimetry plans before and after ProSpace® implantation were calculated using Eclipse treatment planning software (Varian, Palo Alto, CA). For the purposes of the present publication, data were collected and doses were reported and analyzed using the Aquilab SharePlace platform (including ArtiviewTM 3.20.1 software) from Aquilab SAS (Loos Les Lille, France). Aquilab SAS also managed the study’s electronic case report form, the study database, and the on-line patient self-questionnaires.

In all cases, the ProSpace® was implanted in an operating room by the same interventional radiologist. During inflation of the balloon with saline solution, the investigators added 1 ml of iodine contrast enhancer in order to improve the IGRT procedure and enhance the balloon’s delineation on the planning CT. The implantation of a contrast-filled ProSpace® balloon has been described in detail by Vanneste et al. (18).

The study was approved by an institutional review board (Comité de Protection des Personnes Nord Ouest I, Lille, France; reference: 13/10/2016) and registered at ClinicalTrials.gov (NCT02478112). All included patients received information on the study’s objectives and procedures and gave their written consent to participation.



Results


Study Population and Treatment

A total of 24 patients were included in the study between November 28th, 2016, and May 28th, 2018. Initially, 50 patients were planned for accrual but an intermediate, scheduled review by the study’s independent data monitoring committee (IDMC) stopped patient enrolment after the first 24, since the primary objective had been achieved. Hence, although the study had a multicenter design, all 24 patients came from a single cancer center (Toulouse, France). The characteristics of the study population on inclusion are summarized in Table 1. All patients were evaluated with MRI before study entry and the cancer was staged as T2 in all cases. Two patients lacked dosimetry data after ProSpace® implantation. Hence, 22 patients were included in the dosimetry analysis.


Table 1 | Characteristics of the study population on inclusion.



21 of the 24 patients received a contrast-filling balloon, and 3 patients received a balloon without contrast (iodine allergy: n=2; protocol deviation: n=1). The interventional radiologist considered that the implantation was easy or very easy in 19 of the 22 cases (86%). Difficulties were noted in three cases (14%): incomplete inflation of the balloon due to resistance; difficulty crossing the perineal region and slight displacement of the balloon at the end of the inflation; failure to inflate the balloon (though a second balloon inflated with no problems) (Figure 1A). Further results for the implantation procedures are given in Table 2.




Figure 1 | (A) The planning CT axial and sagittal views of delineated volumes of interest (prostate gland and the ProSpace®.biodegradable balloon) showing good quality of delineation with iodinated contrast-filling balloon (a–g). For 1 patient (e) iodine contrast product was too much diluted. For 2 patients (f, g), the procedure was performed without iodine contrast enhancement, and so delineation of the balloon was less easy. (B) The dose-volume histogram (DVH) for the rectum pre-balloon and post-balloon for 2 patients, showing the dosimetric benefit achieved with the balloon. The DVH for bladder (also shown, in yellow) is not modified. With regard to the clinical target volume and the planned treatment volume (shown in pink and red, respectively), balloon implantation was associated with greater homogeneity.




Table 2 | Characteristics of the ProSpace® balloon implantation.



With regard to treatment, 20 of the 24 patients (83.3%) received IMRT and 4 (16.7%) received volumetric modulated arc therapy. The median (range) duration of RT was 58.5 days (55.0−68.0), and the mean ± SD duration was 59.3 ± 3.5 days. In all cases, contrast-free CT was used for contouring. The treatment volume included the seminal vesicles in 22 of the 24 cases (91.7%) and the pelvis in 2 (8.3%) to a dose of 46 Gy. In all 24 cases, the total planned dose was 78 Gy delivered in 39 fractions.



Dosimetry Data

As mentioned above, dosimetry data before and after ProSpace® implantation were available for 22 patients (Table 3). The median dosimetric gains (whether expressed in absolute or relative terms) associated with ProSpace® implantation were highly significant (p<0.001) for the majority of the dosimetric variables. For the rectum, the median (range) relative gain ranged from 15.4% (-9.2−47.5) for D20cc to 91.4% (36.8−100.0) for V70 Gy (the percentage volume of the rectum receiving 70 Gy radiation). Non-significant differences were observed for Dmax (rectum), V50% (rectum), V70% (bladder, cc), V60% (bladder, cc) and V50% (bladder, cc) (Figure 1B). The absolute dosimetric gains were significant for D2.5cc, D5cc, D10cc, D15cc, D20cc, V70 Gy, V90%, V80%, and V60% (all p<0.001) (Table 3).


Table 3 | Dosimetry parameters before and after ProSpace® balloon implantation.



With regard to safety, 5 of the 24 patients (21%) did not experience any AEs, 15 (62%) experienced a grade 1 AE, and 4 (17%) experienced a grade 2 AE. No grade 3 AEs were reported. Sixteen patients (67%) experienced an acute AE (grade 1 or 2), and 11 (46%) experienced a late AE. Urinary frequency was the most common acute AE (grade 1 for 13 patients and grade 2 for 1) and the most common late AE (grade 1 for 5 patients and grade 2 for 2). Only one AE (proctitis) was considered by an investigator to be related to ProSpace® implantation, although the event started a week after the first RT session and a month after the implantation. As this was the only AE though to be related to ProSpace® implantation, we were unable to assess the relationship between complications on one hand and the time interval between implantation and the start of RT on the other.

Before and after RT, the median International Prostate Symptom Score (IPSS) ranged from 3 to 5 (Table 4). The IPSS increased during RT, and 5 patients had experienced severe symptoms at this point.


Table 4 | Prostate symptoms before, during and after RT, as rated on the IPSS.





Quality of Life

At baseline, the QLQ-C30 and PR25 questionnaires gave mean values of >80 for the “functioning” domains and <20 for the symptom domains. The exception was the PR25 sexual activity score, with a mean (range) value of 66.7 (0 – 100) at baseline. We then observed (i) a slight worsening of the scores for fatigue, loss of appetite, constipation and diarrhea, and urinary symptoms and problems during and immediately after RT, and (ii) worsening of the score of dyspnea during the post-RT follow-up (Figure 2). The other domain scores remained stable during RT and up to 24 months thereafter.




Figure 2 | Prostate cancer-specific QoL before, during and after RT, as assessed with the EORTC QLQ-C30 and the EORTC QLQ-PR25 self-questionnaires.






Discussion

In the prospective BioPro-RCMI-1505 study, we evaluated the routine use of a relatively new rectal spacer as part of a modern IMRT/IGRT protocol. Our present results indicate that the balloon is a safe, efficacious adjunct to IMRT for prostate cancer; it was associated with dosimetric gains that help to spare the wall of the rectum from the effects of a higher dose to the prostate. Placement of the balloon spacer was relatively easy for physicians with experience of transrectal prostate procedures. Filling the balloon with contrast solution facilitates delineation of the spacer volume on the planning CT (18). The level of patient satisfaction was high, and the patients reported good QoL before and after the procedure. The delivery of a high dose of radiation (~78 Gy) to the prostate in IMRT increases the likelihood of tumor control; the percentage of patients with a grade 2 gastro-intestinal AE ranges from 1% to 23%, and the percentage with a grade 3 AE is very low (0% to 3%) (2). In a retrospective study performed in the USA, the combination of image guidance with IMRT dose escalation was associated with a low proportion of patients with late grade 2 genitourinary tract AEs (5). In a randomized phase III study of a PEG hydrogel spacer (SpaceOAR, Augmenix, Inc., Bedford, MA) in modern IMRT/IGRT for prostate cancer, the dosimetric gains were associated with a lower incidence of late grade ≥1 rectal AEs (24).

When considering the primary objective, we found that use of the balloon spacer resulted in statistically significant dosimetric gains for the rectum. Moreover, the adjunction of a spacer between the prostate and the rectum increased CTV homogeneity in our cohort. This result could lead to a difference for bladder dose coverage with IMRT dosimetry. Basically to spare the rectum wall without spacer, IMRT planning is performed with CTV heterogeneity with the maximum dose to the prostate located at the anterior part of the prostate, close to the bladder neck. Adding spacer allows better dose CTV homogeneity and we reported bladder dose distribution V70%, V60% and V50% differences but these findings didn’t reach statistical significance level.

Our present dosimetric and safety results for a balloon spacer are in line with the literature data for PEG and HA gel spacers (12, 24, 25). In the randomized study of a PEG gel spacer described by Karsh et al., the median rectal V70 dose was 2.3% in the spacer and 10.5% in the control group; this corresponded to a relative reduction of 78% (p ≤ 0.0001). There were no intergroup differences in the incidence of acute grade ≥2 rectal AEs (4.1% vs. 4.2% in the spacer and control groups, respectively; p=0.5) or acute grade ≥2 urinary tract AEs (37.8% vs 44.4%, p=0.5). The incidence of late grade ≥1 rectal AEs at 37 months was significantly lower in the spacer arm (2%) than in the control arm (9%; p<0.03). Moreover, none of the patients in the spacer group experienced a late grade ≥2 rectal AE (24). QoL was significantly better in the spacer group; at 3 years, the proportions of men in the control and spacer groups experiencing a QoL decline beyond the established threshold for a minimally important difference were 41% vs. 14% (p=0.002) for bowel QoL and 30% vs. 17% (p=0.04) for urinary QoL (12). Chapet et al. investigated the injection of HA to preserve the rectal wall during hypofractionated RT for prostate cancer. They first published on the dosimetric gains resulting from the implantation of the HA gel in a cohort of 16 patients (26). Our findings are consistent with the dose and volume reductions following injection of HA, which resulted in significantly limitation of the radiation dose delivered to the rectal wall (26). A subsequent multicenter phase II trial (from 2010 to 2012) included 36 patients with low-risk to intermediate-risk prostate cancer. With regard to acute toxicity, the injection of HA was associated with a mean ± SD pain score (on a 0 to 10 scale) of 4.6 ± 2.3. Grade 2 AEs were reported for 20 patients (19 with urinary obstruction, urinary frequency, or both, and 1 with proctitis) (27).

More recently, in a systematic review and meta-analysis based on 7 studies (1 randomized clinical trial and 6 cohort studies) involving 1011 men (of whom 486 received a PEG hydrogel spacer), the prostate-rectum separation produced by the spacer was sufficient to reduce V70 rectal irradiation (25). The authors of the review also showed that a PEG spacer was associated with fewer rectal toxic effects and better bowel-related quality of life (25).

Lastly, the ProSpace balloon was first investigated by Gez et al. in a multicenter study of 27 patients (20). Although Vanneste et al.’s report in 2017 described filling the ProSpace balloon with iodine contrast solution in 15 cases, Gez et al.’s publication from 2013 did not mention contrast solution. Gez et al.’s results for the dose reduction on rectal volumes were similar to our present results, and acute toxicity was also limited (20). Most of the AEs correspond to mild pain in the perineal area after implantation. Three cases of acute urinary retention resolved in a few hours (20). The results of subsequent studies suggested that although balloon spacers are associated with a signification reduction in rectal doses and are relatively easy to implant, volume loss (i.e. leakage of saline from the balloon) over the course of treatment is a problem (28, 15). Despite the volume loss, the spacing between the prostate and the rectal wall was nevertheless maintained (19). Lastly, in a large, comparative, non-randomized study of patients receiving a gel spacer (n=139) or a balloon spacer (n=264), Schörghofer et al. reported that although use of either spacer reduced the incidence of grade 1 and 3 AEs, grade 3 AEs (rectal perforation) occurred only in patients (n=6) having received the balloon spacer (17). The researchers suggested that this rectal perforation might have been due to the balloon spacer’s rigidity and size (17). In view of the rectal dosimetric gains observed with the balloon spacer and the low frequency of gastrointestinal adverse events during and after implantation, we suggest that this procedure should be used in the next generation of clinical trials on dose escalation as a means of improving the curability of prostate cancer. It would be interesting to investigate the putative benefit of a rectal spacer for hypofractionated dose regimens or intraprostatic dose-boosting procedures with either conventional fractionation or a stereotactic boost, such as the ongoing Simultaneous Integrated Boost for Prostate Cancer study (NCT03664193).

The present study had a number of limitations. Firstly, the inclusion of patients at a single-center (despite an initially multicenter design) means that the results cannot be readily extended to other institutions and settings. Secondly, the study design (i.e. termination once the dosimetric gain had been demonstrated) limited the number of study participants and thus restricted the volume of clinically interesting data on adverse events. Thirdly, we did not include a comparator group, e.g. patients treated with another type of spacer or treated in the absence of a rectal spacer. Fourthly, we lacked some IPSS and QoL data at 24 months post-RT for some patients, and only a small proportion of patients answered the PR25 module’s questions on sexual function (although half the study population received a 6-month course of androgen deprivation therapy). Fifthly, we did not report the rectal spacer balloon’s volume stability (while using daily cone beam CT IGRT quality control insurance during treatment course) during therapy. We didn’t observe any loss of balloon during treatment course.



Conclusion

A biodegradable rectal spacer balloon was found to be a safe, effective means of obtaining dosimetric gains in the RT of intermediate-risk prostate cancer. The implantation was easy, and the few technical difficulties experienced did not compromise the treatment’s safety or effectiveness.
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