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Synopsis: 
To reduce the risk of a local recurrence of a retroperitoneal sarcoma after surgery with curative intent, the addition of radiotherapy may be considered. Based upon the toxicity profile of postoperative radiotherapy, preoperative radiotherapy is the preferred timing. Nevertheless, level I evidence to support radiotherapy is currently lacking and the results from the EORTC-STBSG 62092-22092 studying the value of preoperative radiotherapy are awaited.

Abstract
Surgery is potentially curative for primary non-metastatic retroperitoneal soft tissue sarcomas (RPS), although patients remain at risk for local recurrence. To reduce this risk, the addition of radiotherapy to radical surgery may be considered. Nevertheless, level I evidence to support radiotherapy is currently lacking. The results from the EORTC-STBSG 62092-22092 studying this question are awaited. This manuscript addresses issues to consider when radiation-oncologists engage in a multidisciplinary treatment approach for RPS patients, including radiotherapy.













Introduction
The potential curative role of surgery for primary non-metastatic retroperitoneal sarcomas (RPS), is incontrovertible. However, the evidence for the addition of radiotherapy (RT) to radical surgery, as has been established for sarcomas arising in the extremities, is currently lacking and the results of the EORTC-STBSG 62092-22092 (NCT01344018) study addressing this question are eagerly awaited. Therefore, close collaboration and discussion between surgeons and radiation oncologists is important as the objective is to optimally combine these two treatment modalities. To date, the use of RT for the treatment of RPS is highly variable. In a population based study on 2348 RPS cases, Porter et al. [1] reported in 2006 that in general practice outside the setting of clinical trials only 25.9% of patients received RT and of these 85.5% were treated postoperatively (PORT). In The Surveillance, Epidemiology, and End Results (SEER) database, published in 2015, 30% received RT and all of them PORT [2]. In the multi-institutional series published by Gronchi et al. in 2016 [3], 32% of 1007 patients received any form of RT, but interestingly 72% of them were treated preoperatively. Although variable, there seems to be a time-shift towards more preoperative RT in recent years.
Given the rarity of sarcoma and complexity of multidisciplinary treatment for these patients, the European CanCer Organization (ECCO) in collaboration with the Sarcoma Patients Euronet (SPAEN) Advocacy Group [4], the National Comprehensive Cancer Network (NCCN, [5]) and European Society for Medical Oncology (ESMO,  [6] all strongly recommend referral of patients with sarcoma to tertiary centers.
It should be acknowledged that in the overview that follows, some cited studies are quite old and thus may have used RT techniques that would be considered suboptimal by today’s standards.

Timing of perioperative RT
For extremity soft tissue sarcoma, debate continues regarding the optimal timing of RT delivery either pre- or postoperatively. Large retrospective database analyses and randomized trials have been conducted [7, 8, 9] or are currently accruing patients (NCT02565498) to study this timing issue. This question could also be raised in the setting of RPS [10, 2]. The first randomized trial in RPS was initiated by the National Cancer Institute (NCI) and published in 1993 [11]. This trial  randomized surgery plus PORT versus surgery, intraoperative electron beam RT boost plus PORT. Since then, two randomized trials have investigated the question of surgery alone versus preoperative RT followed by surgery. The first is the prematurely closed ACOZOG Z9031 (NCT00091351) and the second is the recently completed EORTC-STBSG 62092-22092 (NCT01344018). Based upon anticipated late toxicities after PORT for RPS, a pre- versus postoperative randomized trial will probably never be initiated.
The retrospective National Cancer Data Base study by Nussbaum et al. deserves mention [10]. This study involved 9068 patients with RPS and was performed using case-control, propensity score-matched principles in an attempt to minimize selection biases. In this cohort, 563 patients received preoperative RT, 2215 PORT and 6290 no RT. Of note, delivery of preoperative RT was associated with management in academic medical centers in recent years. Both preoperative RT (HR 0·70) and PORT (HR 0·78) were significantly associated with improved overall survival compared with surgery alone. Unfortunately, this analysis does not capture data on recurrences, toxicity, RT details, extent of surgical resection and disease specific survival and given the retrospective nature, selection biases are likely present. Nonetheless, the strength of this manuscript is the unprecedented large size of the cohort with long follow up data.

Postoperative RT (PORT)
Several studies have raised concerns about the use of  PORT in RPS due to significant late toxicity. Ballo et al. reported a 10% rate of late RT complications at 5 years follow up among patients treated with preoperative (n = 50) or PORT (n = 33) +/- intraoperative electron beam RT or brachytherapy. Late RT complications were only observed after PORT to a median dose of 60 Gy [12]. Several other series have described notable late complication rates following PORT and include: 5% at 10 years after 55 Gy as observed by Bishop et al. [13], 40% at 3.5 years after 50 Gy reported by Zlotecki et al. [14], 19% at 4.1 years after 50 Gy reported by Le Péchoux and co-workers [15] and 25% after at least 15 months and up to 60 Gy reported by Pezner et al. [16], The above cited late complication rates were restricted to the subsets of patients treated with PORT whereas fewer or no complications were observed after preoperative RT in these respective databases. Following PORT for RPS, the French Sarcoma Group have reported a 28% late small intestine complication rate, 4% being ≥ grade 3, including 1 fatal case [17]. Conversely, the Scandinavian study of 97 patients with RPS after a median follow-up of 4.7 years did not show any late toxicities in a population predominantly irradiated postoperatively, however, the authors cautioned about possible under-reporting of toxicity [18]. 
Several groups have employed placement of spacers to facilitate PORT. Reid et al. [19] described the use of spacers for 12 patients with RPS. The implantation procedure resulted in complications for 4 patients (33%) and at the time of spacer removal 4 patients were noted to have extensive adhesions. After a median follow up of 35 months, 4 of 12 relapsed locally. Park et al. [20] implanted spacers in 17 of 53 patients with RPS who underwent resection and observed a reduced local relapse risk, but at the cost of 4 (23.5%) serious implantation complications (abscesses, malpositioning and ileus). The use of the patient’s own omentum, due to its small volume, probably does not fully serve the purpose of radiation protection.
Finally, two analyses of PORT for RPS have been performed using the SEER database. The smaller (n = 480 patients, published in 2015; [2]) showed an overall survival benefit, and the larger (n= 1535 published in 2011; [21]) did not. 
Given the lack of randomized trials, no definitive data exist regarding either the role or optimal timing for RT for RPS. Although some large retrospective studies showed PORT was associated with improved overall survival, most experts feel if RT is to be given, the best timing is preoperatively as this approach enables delivery of lower dose and is associated with less toxicity [22]. To help clarify the role for RT, results of the EORTC-STBSG 62092-22092 (NCT01344018) study are eagerly awaited

Preoperative RT; patient preparation and planning-CT scan
International expert consensus guidelines have been published for preoperative RT in RPS [22]. CT simulation is performed in the supine position with the arms positioned comfortably out of the beam pathway, and preferably with knee/ankle rests for leg support. An immobilization device may be used if preferred (e.g. vacuum fix bag). No specific bladder or bowel preparation is required except where the sarcoma is primarily located within the pelvis. In that situation, the degree of rectal and bladder filling should be assessed and an attempt should be made to maintain similar preparation for simulation and during the course of radiation. Oral and intravenous contrast may be used to aid in the delineation of targets and organs at risk if required, but a useful alternative is to co-register diagnostic MR or CT imaging with the simulation dataset and is often available. The extent of the planning CT simulation scan is dependent on the overall size and position of the target, such that in very large tumors, cranially, the scan should be above the diaphragm (e.g. tracheal bifurcation) and caudally at the level of the lesser trochanter. For smaller targets in the pelvis, the upper abdomen may be excluded and for upper abdominal targets, the pelvis may be excluded. Generally the maximum slice thickness should be no more than 5 mm and preferably less (2-3mm). Similarly, the use of 4DCT reconstructions or respiratory gating apparatus are dependent on the position of the target. For upper abdominal targets, the use of these to minimize or account for target motion is highly desirable, whereas for lower abdominal or pelvic targets, respiration has less significant effect on target motion and thus the use of these techniques may be omitted [23]. The design of PTV margins may be affected, with larger margin expansions – typically 9-12 mm as practiced in the recently completed EORTC-STBSG 62092-22092 trial – usually required for the management of target motion particularly for upper abdominal targets. When target motion management is undertaken together with frequent volumetric imaging during the course of radiation (e.g. cone-beam CT), PTV margin expansion may be reduced substantially.

Preoperative RT; target volume delineation.
To help with gross tumor volume (GTV) delineation, registration of the diagnostic CT or T1-weighted post-gadolinium MR scan with the free-breathing planning CT may be performed. However, this is not always necessary as the GTV is often readily visible on the planning CT scan. The GTV should be contoured on the 4D-CT scan (to incorporate motion) and labeled internal GTV (iGTV). An international sarcoma expert radiation oncology consensus group developed guidelines for the clinical target volume (CTV) and internal target volume (ITV) delineation [22]. The ITV is the sum of the iGTV and CTV the latter of which is defined as a 1.5 cm symmetric expansion of the iGTV. The ITV is then edited at interfaces of bone, retroperitoneal compartment, liver and kidneys and cropped 3-5 mm below skin surface. It is further edited such that the ITV expands 5 mm into bowel and air cavities; if the tumor extends to the inguinal canal, a 3 cm inferior expansion is added to the iGTV (as per extremity soft tissue sarcoma.) The ITV should extend fully into retroperitoneal and abdominal wall musculature. If the ipsilateral kidney will be resected, it is not necessary to edit the ITV to exclude this kidney. The recommended planning target volume (PTV) is a 5 mm expansion to the ITV if frequent image guidance will be obtained; if this is not the case, a larger PTV expansion as described above should be used. Following development of these consensus guidelines, a subsequent report showed excellent reproducibility of the above described GTV and CTV contours amongst a group of expert sarcoma radiation oncologists [22, 24]. The recommended pre-operative dose is 50 – 50.4 Gy in 1.8 – 2 Gy fractions.
In addition to treating the entire retroperitoneal tumor to moderate dose (45-50 Gy), there has been interest in the concept first described by Tzeng et al. and Bossi et al of preoperative dose escalation to the part of the tumor considered to be at risk for positive margins following surgery [25, 26]. This is typically the region of tumor abutting the posterior abdominal wall, vertebral bodies and great vessels. Early reports for this technique are encouraging, but further data for both safety and efficacy are warranted before this approach can become standard practice [25, 27].  Mature results of a Massachusetts General Hospital led multi-center Phase I-II trial of proton and photon dose escalation are eagerly awaited [27]. Until such data are available, pre-operative dose escalation is best delivered only on protocol.

Intraoperative radiotherapy; electron beams and brachytherapy
Intraoperative RT (IORT) and brachytherapy have been used for the treatment of RPS with mixed results. These modalities are appealing in that they enable delivery of high dose directly to the tumor bed with steep dose gradients. Indeed, single institution data with IORT does suggest high rates of local tumor control with the addition of IORT 10-15 Gy to surgery and external beam radiation of 45-50.4 Gy [28-30]. However, these reports are likely prone to selection bias and both approaches have been associated with significant toxicities including abscess and fistula formation, bowel perforation, and peripheral neuropathy [11, 30-33]. A randomized trial performed at the NCI compared resection followed by electron beam IORT (20 Gy) and post-operative moderate dose external beam RT (35-40 Gy) to resection followed by high dose post-operative external beam RT (50-55 Gy) alone [11]. Better local control was achieved in the IORT arm, but survival between the arms was similar. Patients who received IORT had more frequent radiation related peripheral neuropathy, and those who received higher dose external beam RT had more frequent radiation related enteritis. 
Low dose rate brachytherapy was assessed in a phase I/II trial where patients were treated with 45-50 Gy preoperative external beam RT followed by 20-25 Gy low dose rate Iridium-192 brachytherapy delivered to the tumor bed via catheters implanted at the time of resection [31]. Upper abdominal brachytherapy was associated with unacceptable late toxicities (duodenal perforation, death) and subsequently abandoned. Fairweather et al reported a series of 46 patients treated with resection and Iodine-125 permanent low dose rate brachytherapy to the tumor bed [32]. Seventy-four per cent of patients also received external beam RT. In-field recurrence rates were relatively low, but 24% of patients developed complications requiring intervention. The German RETROWTS trial (NCT01566123) continues to accrue patients investigating preoperative dose escalated RT up to 56 Gy and IORT of 10-12 Gy [34].
All of these studies show potential improved local control with the use of IORT or brachytherapy, but at the cost of significant toxicity. These modalities have not been associated with improved survival. As such, they are best employed only on protocol or in experienced hands.

Proton beam therapy.
Because of the size of the target volume in patients with RPS, there has been interest in the use of protons for treatment of patients with RPS. From a conceptual point of view, the larger the target volume, the larger the potential volume of normal tissue that can be spared from exit dose beyond the tumor target which occurs with photons as compared to protons. Because the median size of retroperitoneal sarcomas at presentation is ~ 15 cm and they are often in close proximity to radiation sensitive normal tissues including bowel, liver, kidney, and spinal cord, RPS may be among the soft tissue sarcomas in adult patients most likely to benefit from the use of protons [35].
Swanson et al. from the University of Florida performed a radiation treatment planning study comparing passively scattered 3D conformal proton beam therapy, 3D conformal photon RT, and IMRT for retroperitoneal and intra-abdominal sarcomas [36]. Their target CTV was the GTV + 2 cm, with an expansion of 0.5 cm for the PTV; the target planning dose was 50.4 Gy in 28 fractions. This study showed that the CTV was covered adequately by all techniques. IMRT was the most conformal technique but at the cost of higher integral dose (i.e. total body radiation dose) than 3D conformal protons. The bowel median volume receiving 15 Gy or more (V15) was 16.4% for 3DCPT, 52.2% for IMRT, and 66.1% for 3DCRT. The bowel median volume receiving 45 Gy or more (V45) was 6.3% for 3DCPT, 4.7% for IMRT, and 15.6% for 3DCRT. Both the ipsilateral and contralateral kidney doses were the lowest for proton plans.
Intensity modulated protons (IMPT) achieves dose conformality comparable to that of IMRT but with the additional benefit of a lower integral dose [37]. As noted above, the ability to selectively increase the radiation dose with either IMRT or IMPT offers the attractive possibility of dose escalation to selected areas of the target such as the posterior abdominal wall, aorta, and vertebral bodies where it may be hardest to achieve an adequate surgical margin [25, 27].
The dose painting approach with IMRT or IMPT may reduce some of the late toxicity reported with IORT such as neuropathy because of the lower radiation fraction size. The concept of selective dose escalation with IMPT or IMRT is currently being tested in a multicenter Phase I/II study (NCT01659203) to initially determine whether selective dose escalation to the high risk posterior target volume (defined jointly by the surgeon and the radiation oncologist) can be achieved to a dose of 63 Gy in 28 fractions (while the larger moderate risk volume receives 50.4 Gy in 28 fractions. There are separate IMRT and IMPT cohorts. Dose escalation to 63 Gy was safely achieved in the IMPT phase I group [27] and the phase II study is currently accruing at the 63 Gy dose level.  The IMRT cohort (which opened later than the IMPT cohort) is currently accruing to the phase I dose escalation study at the 61.6 Gy dose level.

Who are the high risk patients for whom RT could be discussed?
Gronchi et al [3] have proposed different risk-profiles for local recurrence as compared to risk factors associated with metastases. Factors significantly predicting local relapse were patients’ age, size of the tumor, completeness of surgical resection, malignancy grade, tumor rupture, multifocality, administration of RT, and histological subtype. Typically, leiomyosarcomas and solitary fibrous tumors exhibit a low local failure rate, whereas dedifferentiated liposarcomas recur locally much more frequently. For the entire group, the addition of RT seemed to be associated with a reduction in the risk of local recurrence with a hazard ratio of 0.58 (95% confidence intervals 0.42-0.80). Factors significantly predicting distant metastases were tumor size, malignancy grade, multifocality, and histological subtype. Interestingly, leiomyosarcomas have the highest risk to develop metastases. Whether a local relapse is a risk factor for subsequent metastatic disease is unclear. Outside the setting of clinical trials, all these aspects should be discussed prior to management in multidisciplinary tumor boards, in order to best counsel an individual patient on the risks and benefits relating to the addition of (preoperative) RT. 

What radiation-oncologists should know from a surgical perspective.
Some surgical considerations need to be taken into account by radiation-oncologists in assessing the feasibility of RT. In general, preoperative RT does not appear to increase short-term (30-day) morbidity or mortality following resection of RPS [38]. 
Renal considerations
In the abdomen and retroperitoneum that has not been subjected to previous surgery some organs are fixed (like kidneys and pancreas) and some are mobile (like small bowel and the larger part of the colon). Pretreatment assessment of the renal function of both kidneys should be standard of care. If the expected loss of renal function after nephrectomy would result in permanent renal dialysis, a kidney sparing surgical technique (removing only the renal fibrous capsule en bloc with the tumor) can be considered, as alternative to nephrectomy. This is technically challenging and often at the cost of higher peroperative blood loss and an increased risk of local recurrence, in particular when the ureter is also involved [39].
Bowel considerations
The ascending- and descending colon are often adjacent and adherent to the larger RPS. If preoperative RT is considered, resection of these colon segments is often also planned. As radiation damage to the bowel may lead to the enhanced risk of anastomotic leakage, the remaining bowel ends that need to be re-anastomosed should preferably be outside of the radiation treatment field. After previous abdominal surgery, bowel adhesions may diminish the natural bowel mobility and increase the dose to certain bowel segments. Also, surgery in these cases poses an increased risk of serosal and seromuscular lacerations during subsequent adhesiolysis. Bowel segments which have been irradiated may be at higher risk for development of bowel leakage and fistulas from such lacerations.
Reconstructive and vascular considerations
If extensive resections include parts of the abdominal wall, reconstructive surgery can be helpful. For the reconstruction, however, the vitality of the tissue that needs to cover the defect is critical. Hereto, a transposition flap or free tissue transplanted flap should not have been previously irradiated. This important interplay between irradiated organs and surgical technique needs to be individualized for each patient. It is therefore crucial that the treating radiation- and surgical oncologists discuss each case prior to initiating treatment.
Venous reconstructions, due to low flow, are at risk for secondary thrombosis [40]. In due time, collaterals will form. Arterial vessel involvement is rare but if present may require reconstruction. After preoperative RT, more septic complications have been observed. If otherwise unavoidable, the use of the omentum or other healthy tissue to cover the reconstructed vessel could be considered.      

Conclusions
Referral to specialized centers of all patients with (suspected) RPS is highly encouraged. At present, the role of RT for RPS remains unclear. Although postoperative RT has been associated with lower local relapse rates in some retrospective series, this approach comes at the cost of substantial toxicity. If RT is considered, most experts prefer the preoperative setting as the optimal sequencing with resection. The sarcoma community awaits the results of preoperative RT followed by resection versus resection alone from the recently completed EORTC-STBSG 62092-22092 trial. The addition of brachytherapy, intra-operative electron beam, or other forms of dose escalation and the use of proton beam therapy are best investigated in the setting of prospective protocols and trials.      
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