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Abstract

:

The peritoneum is a common site for the dissemination of digestive malignancies, particularly gastric, colorectal, appendix, or pancreatic cancer. Other tumors such as cholangiocarcinomas, digestive neuroendocrine tumors, or gastrointestinal stromal tumors (GIST) may also associate with peritoneal surface metastases (PSM). Peritoneal dissemination is proven to worsen the prognosis of these patients. Cytoreductive surgery (CRS), along with systemic chemotherapy, have been shown to constitute a survival benefit in selected patients with PSM. Furthermore, the association of CRS with hyperthermic intraperitoneal chemotherapy (HIPEC) seems to significantly improve the prognosis of patients with certain types of digestive malignancies associated with PSM. However, the benefit of CRS with HIPEC is still controversial, especially due to the significant morbidity associated with this procedure. According to the results of the PRODIGE 7 trial, CRS for PSM from colorectal cancer (CRC) achieved overall survival (OS) rates higher than 40 months, but the addition of oxaliplatin-based HIPEC failed to improve the long-term outcomes. Furthermore, the PROPHYLOCHIP and COLOPEC trials failed to demonstrate the effectiveness of oxaliplatin-based HIPEC for preventing peritoneal metastases development in high-risk patients operated for CRC. In this review, we discuss the limitations of these studies and the reasons why these results are not sufficient to refute this technique, until future well-designed trials evaluate the impact of different HIPEC regimens. In contrast, in pseudomyxoma peritonei, CRS plus HIPEC represents the gold standard therapy, which is able to achieve 10-year OS rates ranging between 70 and 80%. For patients with PSM from gastric carcinoma, CRS plus HIPEC achieved median OS rates higher than 40 months after complete cytoreduction in patients with a peritoneal cancer index (PCI) ≤6. However, the data have not yet been validated in randomized clinical trials. In this review, we discuss the controversies regarding the most efficient drugs that should be used for HIPEC and the duration of the procedure. We also discuss the current evidence and controversies related to the benefit of CRS (and HIPEC) in patients with PSM from other digestive malignancies. Although it is a palliative treatment, pressurized intraperitoneal aerosolized chemotherapy (PIPAC) significantly increases OS in patients with unresectable PSM from gastric cancer and represents a promising approach for patients with PSM from other digestive cancers.
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1. Introduction


Although most guidelines recommend only palliative oncologic therapy for patients with peritoneal surface metastases (PSM) of digestive origin, the responsiveness of PSM to systemic therapy is significantly lower compared to other metastatic sites [1,2]. Peritoneal implants are believed to be the consequences of primary tumor cell detachment or dissemination during surgical procedure [3].



As a consequence of the low survival rates achieved by palliative systemic therapy, there has been increased interest in the complete surgical removal of peritoneal deposits. The first surgical resection of PSM was performed for ovarian cancer. Cytoreductive surgery (CRS), first performed in the 1980s, represents the complete (or near-complete) removal of macroscopic disease. CRS, accompanied by hyperthermic intraperitoneal chemotherapy (HIPEC), has emerged as an aggressive and efficient loco-regional therapy. In the 1990s, Sugarbaker described the surgical technique for peritonectomy and associated visceral resections [4]. During the same period, various investigators developed drug regimens and methods for HIPEC according to the primary tumor site [5,6,7]. For selected patients, this approach offered improved survival rates and even better quality of life. Other forms of intraperitoneal chemotherapy such as early postoperative intraperitoneal chemotherapy (EPIC—on days 1–5) and sequential intraperitoneal chemotherapy (SIPC) are less commonly used.



The most important prognostic factors related to the overall survival (OS) of patients treated by CRS +/− HIPEC are Sugarbaker’s peritoneal cancer index (PCI), which quantifies the extent of the disease, and the completeness of the cytoreduction score (CC score), which evaluates the wholeness of the CRS. The impact of these parameters on OS rates depends on the site of the primary tumor and its histological type [8].



The completeness of the cytoreductive procedure has a direct impact on the survival of patients with PSM in most malignancies. Although the goal of CRS should be the achievement of a CC-0 score (no macroscopic residual tissue), at least in ovarian cancer, even a CC-1 score (persistent nodules less than 2.5 mm in largest diameter) seems to be associated with improved OS [9]. In order to achieve a CC-0/CC-1 score, a dedicated team involving surgeons, anesthesiologists, medical oncologists, and radiologists should evaluate the patient and subsequently perform the procedure, preferably in a high volume-center [10]. Preoperative chemotherapy seems to play an important role in the selection of patients who could really benefit from this aggressive procedure (CRS with or without HIPEC).



Even with optimal CRS, the majority of recurrences that occur are located intraperitoneally [9].



For patients with unresectable PSM, chemotherapy remains the gold standard treatment, even if its impact on survival is limited, ranging from 16.6 months for recurrent platinum-resistant ovarian cancer [11] to 16.3 months for colorectal carcinoma (CRC) [12], 10.7 months for gastric cancer [13], and less than 12 months for peritoneal mesothelioma [14]. For such patients, pressurized intraperitoneal aerosol chemotherapy (PIPAC) has been developed as a safe and well-tolerated palliative procedure that enhances the effect of chemotherapy (because of the physical properties of aerosol and pressure) and improves their OS [15].



With the increase in experience and the development of high-volume centers, the morbidity and mortality rates associated with these procedures has decreased, becoming similar to the respective rates of other major gastrointestinal surgeries [16]. A study conducted by Constance Houlze-Laroye [17] on 5562 patients, published in 2021, revealed that more than half of the postoperative deaths following CRS and HIPEC procedures were preventable.



Although the issue of CRS +/− HIPEC for PSM from specific malignancies has been addressed in other recent papers, there is a paucity of reviews that have presented, together, the latest evidence regarding the surgical options for all digestive carcinomas with peritoneal metastases. This paper aims to advance the field by informing current practice and by prompting clinicians to act and broaden the use of an aggressive surgical approach in patients with PSM from digestive carcinomas. Given the current evidence, concerted efforts should be made by general practitioners, gastroenterologists, oncologists, and surgeons to promote CRS with or without HIPEC in order to prolong the life-expectancy of these patients.



In this comprehensive review, the surgical approach of PSM is reported separately according to the primary site and/or histology. For each type of digestive malignancy, the patient selection protocols, specific approaches to CRS, HIPEC methodology and drug regimens, proper sequencing with other treatments, patient follow-up, and protocols used for recurrence are described and discussed. Furthermore, the paper reflects the most recent evidence regarding the prophylactic use of HIPEC in patients with colorectal or gastric carcinoma at high risk for developing PSM. We review the data critically, taking into account the limitations of the studies, and suggest future directions of research.




2. Paper Selection


We searched the PubMed database using the following terms: (((((((((((((peritoneal surface metastasis[Text Word]) OR (carcinomatosis[Text Word])) AND (colorectal cancer[Text Word])) OR (gastric carcinoma[Text Word])) OR (digestive malignancies[Text Word])) OR (biliary tract carcinoma[Text Word])) OR (pancreatic carcinoma[Text Word])) OR (gastrointestinal stromal tumors[Text Word])) OR (neuroendocrine tumors[Text Word])) OR (small bowel carcinoma[Text Word])) AND (cytoreductive surgery[Text Word])) OR (HIPEC[Text Word])) NOT (ovarian cancer[Text Word])) NOT (mesothelioma[Text Word]). The filters applied were: Clinical Trial, Meta-Analysis, Randomized Controlled Trial, Review, Systematic Review, from 1 January 2001 to 1 June 2022. The search generated 538 results. The abstracts of these results were evaluated by two authors (M.A.E. and G.P.), the relevant papers were extracted independently, and their full-text versions were assessed. Consensus for the relevance of a study was carried out by the third author (S.T.A.). We also evaluated the references of the relevant papers that were evaluated in order to identify additional articles that were not found during the initial search. Due to the heterogeneity of the studies, we report the results as a narrative review.




3. Surgical Options for PSM from Colorectal Carcinoma (CRC)


3.1. Epidemiology


CRC is the third most common type of cancer and generates the second most frequent cancer-related mortality globally. When diagnosed at an early stage, 70–80% of patients will benefit from a curative-intent surgical procedure, resulting in a 5-year survival rate of 72–93% for stages I–II [3].



For CRC, synchronous PSM is encountered in 6–7% of patients and almost half of them have peritoneal-only metastases [18]. Furthermore, the risk for metachronous PSM can be as high as 6% [19]. The literature reveals that an advanced T stage, the presence of positive lymph nodes, synchronous ovarian metastases, a poor differentiation of the primary tumor, a colonic versus a rectal origin, the R1/R2 resection of the primary tumor, the histologic type of mucinous or signet-ring adenocarcinoma, the perforation or stenosis of the primary tumor, and younger age are the most frequently reported risk factors for the development of metachronous PSM [19,20,21].




3.2. Treatment Options


Patients with PSM of colorectal origin have classically been treated only with systemic palliative oncologic therapy, and sometimes palliative surgery [3]. In patients who receive only palliative treatment, colorectal PSM is associated with a worse prognosis compared to non-peritoneal metastases (16.3 months for PSM vs. 19.1 months for liver-only metastases and 24.6 months for lung-only metastases [12,22].



In 2003, Verwaal et al. [23] published a Dutch phase 3 controlled trial comparing the OS rates achieved by CRS plus HIPEC vs. palliative surgery plus systemic chemotherapy in patients operated for bowel obstruction. They showed that the OS rates achieved by CRS plus HIPEC were significantly superior to those observed in patients treated with palliative surgery. Later on, many clinical protocols of CRS and HIPEC were evaluated in different high-volume centers to treat the patients with colorectal PSM. Thus, Elias D., Koga S., Quenet S. et al. [7,22,24,25] reported promising results for CRS and HIPEC when a macroscopically complete resection is performed (CC-0), with an average median OS of 40 months. In 2013, Goere D et al. [26] stated that, in specialized centers, CRS and HIPEC could even achieve a cure in one sixth of the patients who underwent a CC-0 resection, reporting 5-year disease free survival (DFS) rates of 16% in such patients. However, because all of these studies were retrospective, no definitive conclusions could be drawn, and most guidelines continued to recommend only palliative oncologic therapy in patients with PSM of colorectal origin, irrespective of the extent of peritoneal involvement.



To overcome this drawback, between February 2008 and January 2014, 265 patients were randomly assigned to CRS and HIPEC (133 patients) or to CRS alone (132 patients) in a randomized, open-label, phase 3 trial performed at 17 cancer centers in France (PRODIGE 7 trial). All patients were confirmed with CRC and PSM, had a PCI ≤ 25, a WHO performance status of 0 or 1, normal liver function, proper hematological function, and were eligible to receive chemotherapy for 6 months [27]. Any previous treatments were permitted, a 4-week wash-out period was indicated, and the main exclusion criteria were extraperitoneal metastases, previous HIPEC treatment, and grade 3 or worse peripheral neuropathy. For patients enrolled in the CRS plus HIPEC arm, the HIPEC technique was performed either in a closed or open abdomen manner, according to each center’s approach. Systemic chemotherapy (400 mg/m2 fluorouracil and 20 mg/m2 folinic acid) was administered intravenously 20 min before HIPEC (bidirectional chemotherapy protocol) and intraperitoneal chemotherapy consisted of oxaliplatin at a dose of 460 mg/m2 (for the open technique) or 360 mg/m2 (for the closed abdomen technique). Oxaliplatin was delivered intraperitoneally in 2 L/m2 of dextrose, heated at 43 °C, for 30 min. The follow-up was conducted one month after surgery, every 3 months for the first 3 years and every 6 months up to 5 years. The median OS was 41.7 months in the CRS plus HIPEC group and 41.2 months in the CRS alone group (p = 0.99). Although PRODIGE 7 did not reveal a survival benefit for the addition of HIPEC to CRS, this trial reported unexpectedly high OS rates in patients treated with CRS alone. These findings suggest that the completeness of CRS is the most important factor for survival in patients with PSM from CRCs, with similar observations already being reported by other authors in retrospective studies [23,24,28]. Furthermore, median relapse-free survival (RFS) between the two groups was not significantly different and 15% of patients in each group were considered cured at 5 years. According to the data of the PRODIGE 7 trial, CRS alone should be the cornerstone of therapeutic strategies with curative intent for colorectal peritoneal metastases [23], and the benefit of HIPEC is still debatable.




3.3. Prognostic Factors in Patients Treated with CRS +/− HIPEC


The only significant survival difference between the two study arms of the PRODIGE 7 trial was found in the subgroup of patients with a PCI between 11 and 15. In these patients, CRS and HIPEC were associated with significantly higher RFS rates than CRS alone, although the OS rates were similar among the two study arms. This might be the basis for further studies aiming to evaluate a potential survival benefit offered by CRS plus HIPEC vs. CRS alone in patients with more extensive PSM involvement.



Moreover, the cut-off value of the PCI associated with a significantly higher survival benefit after CRS + HIPEC has not been uniformly reported by different authors. Thus, Gustave Roussy’s group revealed that the maximum survival benefit of CRS plus HIPEC was achieved in patients with a PCI ≤ 10. [26] The Consensus Guidelines from The American Society of Peritoneal Surface Malignancies on standardizing the delivery of hyperthermic intraperitoneal chemotherapy (HIPEC) in CRC patients in the United States, published in 2014 [29], state that CRS is particularly effective in patients with a low-volume peritoneal disease, suggesting that a PCI ≤ 12 and no evidence of systemic disease are the main prognostic factors for better survival. Yan TD [30] stated that patients with a PCI ≤ 13 had a better life expectancy. Authors such as Da Silva and Sugarbaker [31] set the limit of the PCI at 20. This value is also supported by data from Cavaliere et al. [32] and Van Sweringen et al. [33], whose data indicated that a PCI > 20 is associated with decreased survival rates, hence, they concluded that such patients should not be seen as candidates for CRS +/− HIPEC.



In and by itself, the PCI cannot predict unresectability for certain tumor locations [34]. Thus, some studies have suggested that the number of regions affected by PSM of colorectal origin and invasion of the small bowel in more than two different parts are independent prognostic factors for both unresectability and shorter survival [35,36]. A paper published by Elias D. et al. [37] in 2014 also revealed that the involvement of the lower ileum and a high PCI were negative prognostic factors for the efficacy of the multimodality treatment, while Verwaal et al. [23] demonstrated a clear decrease in the survival rates in patients with PSM involving six or more regions (p < 0.0001).



Alongside the CC score, the PCI, and the number of regions with PSM, other studies have suggested additional prognostic factors that were independently associated with OS and/or DFS in patients who underwent CRS +/− HIPEC for PSM of colorectal origin. However, the impact of these additional prognostic factors is still controversial, since most of the data are from relatively small retrospective studies. For example, Tonello M. et al. [38] found that operated patients with PSM of rectal origin had a worse prognosis than those with PSM of colonic origin. Hence, they proposed a more restrictive use of CRS and HIPEC in patients with PSM of rectal origin. The impact of the location of the primary tumor on OS in patients with PSM of colorectal origin was also assessed by Peron et al. [39] in a prospective study that included 796 patients undergoing complete CRS (CC-0) between January 2004 and January 2017 in 14 institutions from France (the BIG-RENAPE database) and two institutions from Canada. They revealed that the primary site had no impact on the long-term outcomes of patients with PSM undergoing a complete CRS. No impact on OS and DFS was encountered across all subgroups of patients. This study also found no impact of RAS and BRAF mutations on the outcomes after complete CRS. This evidence suggests that the side of the primary tumor should not represent an exclusion criterion for patients with PSM from colorectal origin that are amenable to CRS (with or without HIPEC). Similar results were reported by Massalou et al. [40], who found that the location of the primary tumor location as well as RAS and BRAF status had no significant impact on the OS or DFS. In their study, the only pathologic/molecular factors associated with worse OS after CRS + HIPEC were the signet ring and mucinous type of carcinoma, while the presence of microsatellite sequence stability (MSS) was associated with lower DFS rates. This study also found that BMI > 25 was associated with significantly lower OS and DFS rates.




3.4. Morbidity and Mortality after CRS +/− HIPEC


Higher BMI is also correlated with increased postoperative morbidity and mortality rates in colorectal procedures including CRS with or without HIPEC [41,42]. Regarding the 30-day mortality rates after CRS with/without HIPEC, most studies reported an average value of 2% [16,24,25,27]. In the PRODIGE 7 trial, there was no statistically significant difference (p = 0.083) concerning the frequency of grade 3 or worse adverse events at 30 days between the CRS alone group (32%) and the CRS + HIPEC group (42%) [23]. Similarly, Foster et al. [43] used the data from the American College of Surgeons National Surgical Quality Improvement Project database and found that CRS and HIPEC were associated with perioperative and 30-day postoperative morbidity and mortality rates similar to those of other oncological surgical procedures. However, the PRODIGE 7 trial showed a significantly increased 60-day rate of grade 3 or worse complication in the CRS plus oxaliplatin-based HIPEC group vs. the CRS alone group (26% vs. 15%, respectively; p = 0.035) [23]. This indicates that patients in the CRS + HIPEC group have a longer period of risk for developing complications, leading to a prolonged time to resumption of postoperative systemic chemotherapy. The lack of survival benefit and the significantly higher rate of grade 3 or worse adverse events at 60 days in the CRS + HIPEC group (vs. CRS alone group) seem to be reasonable arguments to refute the use of prophylactic HIPEC in patients with non-metastatic CRC at risk of developing PSM [27].




3.5. HIPEC Protocol


Although the PRODIGE 7 randomized controlled trial did not find any survival benefit from the association of HIPEC to CRS in patients with PSM of colorectal origin, its results were critically appraised by many authors including Paul H. Sugarbaker [44]. The major criticism of the PRODIGE 7 trial was related to the HIPEC protocol, concerning both the dose and the duration of chemotherapy.



In the PRODIGE 7 trial, the oxaliplatin-based HIPEC regimen was limited to 30 min. Kirstein MN [45] and Lemoine L [46] demonstrated that the response to local oxaliplatin was related to the duration of exposure. Furthermore, Levine EA et al. [47] used a HIPEC regimen lasting 120 min in their study, while Van Driel WJ [48] opted for a 90 min cisplatin-based HIPEC protocol for the treatment of ovarian cancer. Both reported increased overall survival rates with prolonged duration of HIPEC.



Regarding the cytotoxic agent used for HIPEC in the PRODIGE 7 trial, several concerns have been raised, because no standard regimen exists thus far. Hence, to increase the efficacy of intraoperative chemotherapy, many protocols have been put in place [49]. For example, the intensification of the HIPEC regimen with irinotecan has been explored in a previous study, but could not be associated with any survival benefit [25]. Furthermore, a cisplatin-based HIPEC protocol was associated with inferior long-term outcomes compared to an oxaliplatin-based regimen in an Italian multicentric study conducted by Cavaliere [32]. Thus, the most frequently used HIPEC regimens are based on oxaliplatin or mitomycin C. A Dutch series reported by Hompes et al. [50] as well as a large American retrospective study conducted by Prada-Villaverde [51] suggested no significant differences in the OS rates between the oxaliplatin-based and mytomicin C-based protocols. However, a single-center Australian study reported superior OS rates achieved by an oxaliplatin-based HIPEC regimen compared to the mytomicin C-based protocol [52]. The major criticism regarding the use of the oxaliplatin-based HIPEC protocol in the PRODIGE 7 trial is related to the extensive use of oxaliplatin in these patients before HIPEC. Previous studies [53,54] have suggested that the patients hard-treated with oxaliplatin could develop oxaliplatin resistance, resulting in decreased rates of response to a further oxaliplatin-based regimen. In the PRODIGE 7 trial, extensive oxaliplatin treatment before surgery might induce misleading results in the arm of patients treated with CRS + HIPEC, raising the question of whether a mitomycin-C based HIPEC regimen or an oxaliplatin-based HIPEC regimen prolonged to 120 min would be associated with higher survival rates in this arm.




3.6. Recurrent PSM


Despite the aggressive approach and curative intention, between 70% and 80% of patients with colorectal PSM treated by CRS (alone or combined with HIPEC) will develop recurrent disease [7,55]. This has led to the idea of iterative CRS and even HIPEC procedures. Several studies have suggested that in high-volume centers, the morbidity and mortality associated with these procedures are similar to those of the initial intervention [56]. This aggressive approach has led to a moderate increase in the median OS from 39 months to 42.9 months when compared to systemic treatment alone [3,56,57,58]. Although HIPEC has not been proven to be an independent risk factor for the development of postoperative complications [59], its benefit in the treatment of recurrent PSM from CRC needs further evaluation in prospective randomized controlled trials.




3.7. Prophylactic HIPEC in High-Risk Patients


Proactive strategies regarding high-risk patients with CRCs are still a matter of debate and no strong evidence supports their superiority versus proper surveillance. Authors such as Dominique Elias [60,61] and Serrano Del Moral [62] suggest that second-look surgery in conjunction with imagistic investigations, colonoscopies, and CEA level surveillance for high-risk patients can offer the early detection of PSM and precocious aggressive treatment. The promising results associated with prophylactic resection of target organs during the primary surgery (omentectomy, hepatic round ligament resection, appendicectomy, adnexectomy) [63] or prophylactic HIPEC administration at the time of the primary procedure for advanced tumors without PSM [64,65,66] represent the basis for some phase III randomized clinical trials evaluating the usefulness of such approaches (e.g., the ProphyloCHIP trial and COLOPEC trial). The PROPHYLOCHIP-PRODIGE 15 trial [67] evaluated the impact of second-look surgery and HIPEC vs. follow-up on 3-yr DFS of patients with resected CRC and high-risk of developing PSM (perforated primary tumor/peritoneal or ovarian metastases radically resected concomitant with CRC). The authors did not find a significant difference in the 3-yr DFS rates (44% vs. 53%, respectively; p value = 0.82). On the other hand, the COLOPEC trial [68] assessed the role of adjuvant HIPEC in preventing the occurrence of peritoneal metastases in patients with resected T4/perforated primary tumor, who received adjuvant systemic chemotherapy. There was no statistically significant difference in 18-months peritoneal DFS rates between patients treated with adjuvant systemic therapy only (76.2%) and those treated with adjuvant HIPEC and systemic therapy (80.9%; p value = 0.28). However, in both of these studies as well as in the PRODIGE 7 trial, the HIPEC protocol consisted in the administration of oxaliplatin only for 30 min. Although these trials have generated skepticism toward the usefulness of HIPEC, these results could be challenged by ongoing/future trials evaluating the different protocols of HIPEC. Until new HIPEC protocols are tested in well-designed comparative trials, this procedure should not be considered as an ineffective method [69].



Take home message: Complete CRS represents the cornerstone therapy in patients with PSM from colorectal carcinoma and a low PCI. The addition of HIPEC to complete CRS in such patients seems to have a limited benefit and this approach should be restricted to patients with a PCI > 10, operated in specialized centers, and preferably in the context of controlled trials. The current results cannot support the routine use of prophylactic HIPEC in patients operated for colorectal carcinoma with a high-risk for the development of PSM (T4/perforated primary).





4. Surgical Options for PSM from Gastric Carcinoma


4.1. Epidemiology


Gastric cancer is the third leading cause of cancer deaths worldwide and has the fifth highest incidence among solid cancers in adults. PSM from gastric adenocarcinoma is found in 17% of newly-diagnosed patients and is associated with a poor prognosis. Advanced stages such as stage III gastric adenocarcinomas can be associated in up to 40% of cases with PSM [70,71].




4.2. Treatment Modalities


According to the NCCN guidelines, the treatment options for patients with PSM from gastric carcinoma include palliative systemic therapy, supportive treatment, and surgery for complications [72]. Despite recent advances in oncologic therapy (e.g., trastuzumab in patients with HER-2/neu gene amplification, check-point inhibitors), the median overall survival of patients with PSM of gastric origin ranges from 8 to 10 months [73].



Due to the dismal prognosis associated with the current oncologic therapy, aggressive surgical approaches have been developed in the last two decades including CRS in combination with HIPEC as a potentially curative-intent therapy and PIPAC as a palliative therapy able to prolong survival in patients with unresectable PSM or high PCI. The CRS + HIPEC approach should be combined with neoadjuvant and adjuvant systemic therapy in order to better select patients and increase the DFS and OS rates.



The Japanese group of Yokemura suggested for the first time, in the 1990s, the feasibility and efficacy of CRS plus HIPEC for the treatment of PSM from gastric adenocarcinoma [74,75]. These findings were further supported by a European series reported by Glehen et al. [76]. In 2010, a large retrospective multicentric study from France (159 patients) added more evidence to the concept of CRS and HIPEC for the treatment of PSM of gastric origin. This study showed that complete CRS (CC-0 score) [77,78] was an independent predictor of prolonged OS. Thus, the median OS in patients who underwent CC-0 was 15 months, significantly higher than those achieved in the entire group of patients, irrespective of the completeness of cytoreduction (9.2 months). Furthermore, when complete CRS (CC-0) was achieved, the 5-year OS rate was 23%. In a large retrospective study with propensity score matching analysis, Glehen et al. [79] showed that incomplete CRS (CC-1) is associated with a 5-year OS rate of 6.2%, significantly lower than the 24.8% 5-year OS achieved by complete CRS (CC-0). Similarly, Coccolini et al. [80] found significantly higher 1- and 3-year OS rates in patients who underwent CC-0, compared to those achieved by CC-1. Both studies revealed that complete CRS (CC-0) was correlated with the initial tumor burden expressed by the value of the PCI. Similarly, Yonemura et al. evaluated 95 patients and found that CC-0 had been achieved in 91% of patients with a PCI ≤ 6, but only in 42% of the patients with a PCI ≥ 7. Furthermore, the OS rates were significantly higher in patients with PCI ≤ 6 compared to patients with a PCI > 6 [78]. The study of Cambay et al. [81] reported similar results. A more recent multicentric study from Italy, which included 91 patients with gastric carcinoma and synchronous PSM, reported median OS rates higher than 40 months in patients with a PCI ≤ 6 as well as in those who underwent complete cytoreduction [82]. Thus, the median OS after CC-0 was significantly higher compared to the OS of patients with incomplete resection (40.7 vs. 10.7 months, respectively; p value = 0.003). Moreover, in patients with a PCI > 6. the median OS was significantly lower than in patients with a PCI ≤ 6 (13.4 vs. 44.3 months, respectively; p value = 0.005) and the mortality was almost double [82].




4.3. Prognostic Factors in Patients Treated with CRS +/− HIPEC


Multiple retrospective studies from Italy, Spain, Germany, and Central-Eastern European countries have supported the observation that complete CRS (CC-0) and a low PCI are the main independent prognostic factors associated with better prognosis in this type of approach [82,83,84,85].



However, there is no universally-accepted cut-off value of the PCI to select patients with PSM of gastric origin for CRS plus HIPEC. Although most centers recommend such an aggressive surgical approach in patients with a PCI ≤ 6, some high-volume centers suggest that even in patients with a PCI between 7 and 12. there is a survival benefit from CRS + HIPEC [76,86,87].



Other negative prognostic factors such as signet ring cell histology, presence of lymph node metastasis, and lack of tumor regression after preoperative chemotherapy were revealed by these studies. A recent multicenter study by the “Italian Peritoneal Surface Malignancies Oncoteam—S.I.C.O.” proved the beneficial effect of neoadjuvant chemotherapy on the long-term outcomes of patients eligible for CRS and HIPEC [82]. The same group highlighted a significant negative prognostic effect determined by positive peritoneal cytology [82,88].



However, the prognostic impact of signet ring cell histology on the long-term outcomes of patients treated by CRS plus HIPEC for PSM of gastric carcinoma is still debatable. In 2014, Konigsrainer et al. [89] hypothesized that for patients with PSM from gastric cancer with signet ring cell histology, CRS + HIPEC should not be considered due to the high recurrence rates. However, these authors did not support this hypothesis with evidence derived from a specific study. In 2019, Solomon et al. [90] revealed the negative impact of the signet ring cell histologic subtype on the OS of patients treated with CRS + HIPEC for PSM of various origins, but surprisingly, in PSM from gastric cancer, the OS was not significantly different between patients with signet ring cell pathology and those with other pathologic subtypes (p = 0.245). Similarly, a Spanish study published in 2018 found that the only prognostic factor that was independently associated with worse OS after CRS + HIPEC for PSM of gastric origin was perineural invasion (HR = 18.886, 95% CI: 1.104–323.123; p = 0.043), while the signet ring cell subtype did not significantly influence the OS [83].



Because most of these studies were retrospective and had a small sample-size, definitive conclusions on the real benefit of CRS + HIPEC for PSM of gastric origin cannot be drawn. The most reliable conclusions on this topic should probably be derived from the results of the CYTO-CHIP study, an observational study that included 277 patients from 19 French centers [79]. This is the largest study published thus far to assess the comparative results of CRS vs. CRS + HIPEC in patients with PSM from gastric carcinoma. Similar to the previously-mentioned studies, complete CRS (CC-0) was associated with significantly higher 5-year OS rates compared to CC-1 (24.8% vs. 6.2%, respectively; p < 0.05), and lower PCI was confirmed as an independent prognostic for better OS. The most important findings of this study are the significantly higher OS and DFS rates achieved by CRS + HIPEC compared to CRS alone, without significant increase in major morbidity and 90-day mortality. These results support the performance of CRS + HIPEC when CC-0 can be achieved in patients with limited PSM of gastric origin [79]. Furthermore, the study suggested that CRS + HIPEC performed in specialized centers was associated with morbidity rates similar to those reported after other aggressive surgical procedures [91].



The results of an ongoing phase III randomized controlled trial (PERISCOPE II), which compares the CRS + HIPEC vs. palliative systemic therapy in patients with gastric cancer and limited peritoneal dissemination or positive peritoneal cytology, will be able to improve the current knowledge on this topic, assuming or rejecting the current hypothesis about the usefulness of CRS + HIPEC [92].




4.4. Prophylactic HIPEC in High-Risk Patients


Gastric cancer is associated with a high risk for developing PSM. Around 50% of patients with potentially curable advanced gastric cancer die from recurrence in the peritoneum [93]. A total of 15 to 50% of patients with serosal involvement present peritoneal dissemination at the time of the initial surgical exploration [94].



A study by Seyfreid et al. [95] on 1108 patients that were treated for gastric cancer with radical D2 gastrectomy revealed a 50% recurrence rate. Out of these patients, 15.5% developed metachronous PSM after a median time of 17.7 months. The major risk factors for PSM were found to be serosal involvement, the extent of nodal metastasis, and tumor pathology—signet ring cell and undifferentiated carcinoma.



Furthermore, the Japanese General Rules of Gastric Cancer Treatment divide PSM into two categories with the same prognosis [96,97]: (1) P0/Cy1—positive peritoneal wash cytology; (2) P1—macroscopic PSM.



Due to the high-risk of developing PSM in patients with such risk factors, some authors hypothesized that adjuvant HIPEC might be associated with decreased rates of recurrence and improved survival.



Jingxu Sun et al. [98] performed a meta-analysis on 280 studies analyzing the impact of adjuvant HIPEC on the prognosis of patients with serosal involvement from gastric cancer and found that HIPEC improved the long-term outcomes of these patients, with acceptable morbidity and mortality rates. Similarly, a 2019 study on 80 locally advanced gastric tumor patients (T stage ≥ 3) with no signs of PSM or systemic disease, conducted by Maneesh Kumarsing Beeharry [99], proved that the combination of radical gastrectomy with HIPEC has been associated with acceptable complication rates and improved the OS rates.



To evaluate these results in a European cohort of patients, a randomized multicenter phase III trial (GASTRICHIP) was initiated. This study aimed to evaluate the effects of HIPEC with oxaliplatin on patients with gastric cancer involving the serosa and/or lymph nodes and/or with positive peritoneal cytology, treated with perioperative systemic chemotherapy and D1-D2 curative gastrectomy [100].



Take home message: Current evidence supports the performance of CRS + HIPEC in carefully selected patients with a PCI ≤ 6, when CC-0 can be achieved in high-volume centers. Prophylactic HIPEC in patients with gastric carcinoma at high-risk of PSM development should not be routinely recommended until the results of ongoing trials are made available.





5. Surgical Options for PSM from Pseudomyxoma Peritonei (PMP)


Pseudomyxoma peritonei (PMP) is a rare peritoneal malignancy, most commonly originating from a perforated epithelial tumor of the appendix, also known as “Jelly Belly” and is characterized by the bulky accumulation of gelatinous tumor deposits in the peritoneal cavity.



CRS and HIPEC represent the gold standard treatment for PMP. The main factors that influence a patient’s outcome are the histological type and the completeness of the cytoreduction. Thus, the peritoneal mucinous carcinomatosis (PMCA) histologic subtype is associated with significantly worse prognosis compared to the diffuse peritoneal adenomucinosis (DPAM) subtype or hybrid tumors [101]. For appendicular PMP, complete CRS (CC-0) combined with HIPEC was associated with 5- and 10-year OS rates of 85% and 75%, respectively [101,102]. The most frequently used HIPEC regimens are based on oxaliplatin or mitomycin C. However, Chua et al. found that HIPEC was significantly associated with an improved rate of PFS, but it had no significant impact on the OS rates. Thus, even though HIPEC may improve disease control, optimal cytoreduction seems to be the strongest predictor of long-term survival [101].



Some intraoperative findings such as the involvement of the hepatic hilum [34,103], the infiltration of the anterior pancreatic surface [104,105], the ureteric obstruction, or the need for complete gastric resection [106] can impede the achievement of complete CRS. In such instances, although incomplete CRS is known to be associated with significantly decreased OS rates compared with complete CRS, patients with appendiceal PMP seem to benefit from CC-1 resections (remaining nodules smaller than 2.5 mm) and even debulking surgical procedures [102]. The concept of “maximum tumor debulking” (MTD) has been accepted as an alternative to CC-0/CC-1 resection, when complete CRS is not possible or in patients who are not fit for complex surgery [107]. MTD usually involves a greater omentectomy, lower abdominal peritonectomies. and an extended right hemicolectomy, usually associated in women with bilateral oophorectomy [102]. Several studies have shown that MTD plus HIPEC is feasible (achieving low morbidity and mortality rates) and is associated with acceptable OS rates (5-year OS ranging between 24% and 46% after CC-2 or CC-3 resection, compared to 80% after CC-1 resection) [101,108,109,110].



Absolute contraindications to CRS and HIPEC in patients with PMP are extensive small bowel serosa involvement (at least 1.5 m of small bowel must remain after surgery) [111,112] and mesenteric retraction and infiltration.



Take-home message: In patients with PMP, complete CRS (CC-0) or near-complete CRS (CC-1) associated with HIPEC represents the gold standard therapy. The concept of “maximum tumor debulking” has been accepted in PMP as an alternative to CC-0/CC-1 resection, when complete CRS is not possible, or in patients who are not fit for complex surgery.




6. Surgical Options for PSM from Pancreatic Adenocarcinoma


PSM originating from pancreatic cancer are generally considered incurable and the only treatment option is palliative treatment. PSM is found in approximately 40% of patients, but free intraperitoneal tumor cells are detected in an additional one third of the cases without macroscopic PSM [113,114].



There is a lack of evidence regarding the possible benefits of CRS and HIPEC in patients with PSM from pancreatic cancer. Tentes et al. performed complete CRS or near-complete CRS with HIPEC in seven cases of PSM from pancreatic tail adenocarcinomas and four patients survived for more than 12 months without evidence of recurrence. They suggest that CRS with HIPEC may be considered as a treatment option for highly selected patients with pancreatic cancer and peritoneal metastases [115].



In addition, there is a series of patients with prophylactic use of HIPEC after R0 resection of pancreatic cancer, without peritoneal metastasis. Survival results achieved by this approach are among the highest reported in patients treated with curative intent for pancreatic adenocarcinoma [116]. However, Larentzakis et al. concluded that more controlled studies are needed to justify the use of HIPEC as a prophylactic therapy in resectable pancreatic adenocarcinoma, while CRS and HIPEC for the treatment of PSM of pancreatic origin seems to be useless (and possibly unsafe) at this level of evidence [117].



Take-home message: In patients with pancreatic adenocarcinoma, current evidence cannot support either the performance of CRS +/− HIPEC in the case of PSM, or the prophylactic use of HIPEC in high-risk patients, outside the controlled clinical trials.




7. Surgical Options for PSM from Biliary Tract Carcinoma


PSM from biliary carcinoma is associated with poor outcomes. The treatment for the majority of cases does not imply a surgical gesture and consists of palliative chemotherapy. Amblard et al. compared the impact on survival of CRS and HIPEC (34 cases) with palliative chemotherapy for patients with PSM from biliary carcinoma (25 cases) [118]. The median PCI in the surgical group was 9 (3–26). Macroscopically complete resection could be achieved in 25 patients (73%). Median OS and 3-year OS rate were 21.4 months and 30% in the CRS plus HIPEC group and 9.3 months and 10%, respectively, in the chemotherapy group. The authors concluded that CRS plus HIPEC could be considered for selected patients with a good performance status, low burden of disease, and PSM amenable to complete CRS [1].



Take home message: Currently, surgery for PSM from biliary carcinoma is controversial and future prospective/randomized controlled trials are needed before recommending such an aggressive approach, even in selected patients.




8. Surgical Options for PSM from Gastrointestinal Stromal Tumors (GISTs)


Gastrointestinal stromal tumors (GIST) are the most common mesenchymal neoplasms of the gastrointestinal tract. Surgery is the most effective treatment for resectable primary GIST without metastasis. Approximately 15–47% of patients present with overt metastatic disease with the most common sites of metastases being the liver, peritoneum, and omentum [119].



Surgical treatment for patients with metastatic gastrointestinal stromal tumors remains controversial. Prior to the introduction of systemic treatment with imatinib, outcomes for metastatic GIST were poor, median survival ranging between 10 and 20 months with 5-year OS rates lower than 10% [120]. With the introduction of imatinib in 2002, patient outcomes improved, with an acceptable systemic toxicity [121]. However, imatinib is not a curative treatment and needs to be associated with cytoreductive surgery to achieve better long-term outcomes.



Some retrospective studies [122,123] have reported that tumor size is an important factor in imatinib resistance. An et al. [124] reviewed 249 advanced GIST patients (102 patients with metastatic disease and 147 with multifocal disease relapse) and compared the outcomes achieved by CRS (more than 75% of the initial tumor bulk removed) vs. no CRS, prior to imatinib treatment. They found that CRS was not associated with better long-term outcomes. Their data suggest that cytoreductive surgery prior to imatinib treatment has no benefits for the outcome of the patient.



Thus, for most patients with metastatic GIST, imatinib is the first treatment option. The role of CRS in patients with metastatic GIST with variable responses to imatinib is still debated. Several studies have concluded that patients with disease response to tyrosine kinase inhibitor (TKI) treatment benefit more from CRS (R0/R1) than those with disease progression on TKIs [120,125,126,127,128,129,130]. Similarly, a multicenter retrospective study from Spain compared the long-term outcomes observed in two cohorts of patients (treated with CRS or without surgery) who achieved partial response (PR) or stable disease (SD) after initial imatinib treatment. This study reported lower median OS in the imatinib only group (59.9 months) compared to the imatinib and CRS group (87.6 months) [131].



CRS (R0/R1) for patients who respond to TKI should be considered no earlier than 6 months after starting the initial systemic therapy (in order to evaluate if they have PR or SD), but not later than 2 years after TKI initiation. TKI treatment should be resumed postoperatively [125,132,133].



The benefits of CRS for imatinib-resistant metastatic GIST are controversial. Several studies have shown that patients who undergo surgery for the focal progressive disease have a limited benefit [126]. However, for imatinib-resistant patients, sunitinib as a second-line therapy seems to be the most appropriate treatment option. The surgical management of patients with progressive metastatic GIST receiving sunitinib is even more controversial, although Yeh et al. [134] and Raut et al. [135] suggest that surgery is feasible and safe for highly selected patients with metastatic GIST who are receiving sunitinib.



Take-home message: CRS should be considered in patients with metastatic GIST whose disease responds to imatinib, with the goal of performing R0/R1 resection. However, debulking/palliative surgery should be limited to patients with complications due to PSM from GISTs (such as hemorrhage, pain or intestinal obstruction) [136]. According to most authors, the role of HIPEC for the treatment of PSM from GIST is still difficult to determine [137,138,139].




9. Surgical Options for PSM from Gastroenteropancreatic Neuroendocrine Tumors (GEP-NETs)


The incidence of PSM in patients with GEP-NETs is approximately 20%. Most of these metastases originate from primary tumors located in the midgut [140], especially in the ileum, and are often associated with other metastatic sites such as liver metastases, mesenteric lymph nodes, lung and bone metastases [141,142]. Hepatic involvement and tumor grade are the most important prognostic factors [143].



Complete CRS is the best option for patients with metastatic GEP-NETs and appears to improve patient outcomes [144,145,146,147,148,149,150]. Therefore, primary tumor resection should be performed during CRS [145,151]. All PCI levels were considered suitable for surgery if resectable [146]. Multivisceral resections and peritonectomy could be part of CRS, and in most cases, are associated with liver metastasis resection and/or radiofrequency ablation and the radiologic chemo-embolization of liver metastases [146,149].



Some studies have shown that a 90% decrease in tumor volume after CRS is associated with the best OS rates [150,152]. Recently, the cytoreduction level has been lowered to 70% of the initial tumor burden, according to several studies that have demonstrated a significant survival benefit for this level of cytoreduction [148,153,154].



The role of HIPEC remains undetermined in patients with PSM from GEP-NETs and a randomized study to evaluate the impact of HIPEC should be initiated [137,147,155].



Take-home message: Complete resection of PSM from GEP-NETs is recommended whenever possible. Patients whose PSM cannot be completely resected seem to achieve a significant survival benefit with debulking surgery, if at least 70% of the tumor burden can be removed. The potential benefit of HIPEC is still unknown.




10. Surgical Options for PSM from Small Bowel Adenocarcinoma


Small bowel cancer is a rare malignancy comprising less than 5% of all digestive cancers. Adenocarcinoma is a frequent subtype, accounting for 37% of all small bowel cancers [156]. Although surgical resection of the primary tumor is the mainstay of treatment management for localized disease, the recurrence rates remain as high as 40% [157]. Furthermore, approximately one third of patients present with stage IV disease [158]. One of the most frequent sites of metastatic involvement in patients with small bowel adenocarcinoma (SBA) is the peritoneal surface, especially in tumors arising from the jejunum and ileum. Other common metastatic sites include liver, lymph nodes, and lungs [159,160,161,162].



The prognosis of metastatic SBA is poor, with a 5-year survival rate of 15–33% and a median OS ranging from 12 to 20 months [156,163,164,165]. Six comparative studies showed a higher median OS in patients who received chemotherapy (12–16 months) versus patients who did not receive chemotherapy (2–8 months) [160,166].



PSM from SBA represents a therapeutic challenge. Several studies showed that CRS and HIPEC improved the outcomes for selected patients with PSM from SBA, achieving a median OS of 31–32 months [159]. The goal of CRS should be the achievement of CC-0. Patients who received complete CRS (CC-0) had a median OS of 43 months, significantly higher than those achieved by CC-1, CC-2, or CC-3 [167].



The following significant prognostic variables associated with improved survival after CRS plus HIPEC were reported: resection of the primary tumor before CRS plus HIPEC, time interval shorter than 6 months between the detection of PSM and CRS plus HIPEC therapy, well-differentiated tumor, absence of lymph node metastasis, absence of extraperitoneal metastasis, normal value of CA 125 and CA 19-9, absence of ascites, a PCI ≤ 15, achievement of CC-0, absence of postoperative complications, and oxaliplatin-based regimen of HIPEC [160,162]. Oxaliplatin-based HIPEC showed a significant survival advantage over the mitomycin C-based HIPEC regimen [162].



Levine et al. suggest that earlier surgical intervention is likely to be more effective than those performed after extensive systemic chemotherapy [168,169]. The most frequently used regimens of systemic chemotherapy are FOLFIRI, FOLFOX, and CAPOX [167,170,171,172].



Take home message: Based on the available evidence, complete CRS (CC-0) plus HIPEC seems to be safe and more beneficial than systemic chemotherapy alone in selected patients with PSM from SBA. However, future larger studies are needed before routinely recommending this aggressive approach.




11. Pressurized Intraperitoneal Aerosolized Chemotherapy (PIPAC)


PIPAC, a palliative surgical technique designed to deliver chemotherapy (cisplatin, doxorubicin, oxaliplatin) into the peritoneum under pressure, has recently been added to the armamentarium of oncologists to address PSM in patients who are not eligible for CRS [173]. The first report of the successful application of PIPAC in three patients with PSM was published in 2014 [15], and since then, a small number of articles have described the effectiveness and safety of PIPAC for the treatment of PSM in patients with cancers of various origins, the most common being gastric cancer [174].



Systemic chemotherapy is the gold standard approach for unresectable PSM, even if its impact on survival is limited [175]. The expected median survival is estimated at 16.3 months for CRC [176] and 10.7 months for gastric cancer [13], while with PIPAC, the median survival in patients with PSM of gastric origin increases up to 15.4 months, according to the number of PIPAC procedures [177,178,179].



Alyami et al. [175] reported that complete CRS and HIPEC could be achieved after repeated PIPAC sessions in carefully selected patients with unresectable PSM at diagnosis. In their cohort, the median PCI was 16, all patients underwent systemic chemotherapy between PIPAC sessions, the median consecutive PIPAC procedure was 3 (1–8), and 14.4% of patients were eligible for a secondary CRS and HIPEC after being considered unresectable prior to PIPAC.



A study published by Girshally et al. [180] suggested that neoadjuvant PIPAC is feasible and can be considered before CRS/HIPEC in a select group of patients with PSM of gastric origin and small bowel involvement, in order to reduce the extent of CRS. In their cohort, 12 out of 21 patients had a low PCI (mean 5.8 ± 5.6) and the remaining nine patients had advanced peritoneal involvement (mean PCI 14.3 ± 5.3) at the initial laparoscopy. Repeated PIPAC (3–4 cycles per patient) led to radiological tumor regression in seven out of nine patients, while major histological regression was achieved in eight out of nine patients, allowing for the subsequent performance of CRS + HIPEC.



The PIPAC procedure for PSM from non-gastric cancers is controversial and there is a paucity of data related to the role of PIPAC in PSM of non-gastric origin. Di Giorgio et al. reported that PIPAC with cisplatin, doxorubicin, or oxaliplatin is safe and has antitumor activity against peritoneal metastases of pancreatic and biliary tract origin [181].



Take home message: PIPAC seems to be a valuable palliative approach in patients with unresectable PSM of gastric origin, and is able to significantly prolong the survival of these patients. For PSM from other digestive malignancies, PIPAC requires more prospective controlled trials to better define its role in the palliative treatment of such patients.




12. Conclusions


The aggressive surgical approach of PSM from digestive malignancies, consisting of CRS with or without HIPEC, has gained wider acceptance during the last decade, especially in patients with CRC or gastric carcinoma. This is the consequence of the evidence offered by high-quality randomized clinical trials and meta-analysis that revealed that CRS is the cornerstone therapy in patients with PSM from CRC, although the oxaliplatin-based HIPEC regimen failed to further improve the survival of these patients. Supplementary well-designed randomized trials testing new HIPEC regimens are needed before refuting this therapy. Similarly, in patients with PSM from gastric carcinoma, future randomized controlled trials are needed to confirm the favorable outcomes achieved by CRS with HIPEC in large retrospective studies and meta-analysis. While in PMP the role of CRS with HIPEC is well-established, for PSM from other digestive malignancies, further high-quality studies are needed before recommending this approach outside clinical trials.







Author Contributions


Conceptualization, S.T.A. and M.A.E.; Data curation, M.A.E. and G.P.; Methodology, S.T.A.; Formal analysis and investigation, M.A.E. and G.P.; Writing—original draft preparation, M.A.E. and G.P.; Writing—review and editing, S.T.A. and M.A.E.; Supervision, S.T.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable because this manuscript is a review of the literature.




Informed Consent Statement


Not applicable because this manuscript is a review of the literature.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Neuwirth, M.G.; Alexander, H.R.; Karakousis, G.C. Then and now: Cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (HIPEC), a historical perspective. J. Gastrointest. Oncol. 2016, 7, 18–28. [Google Scholar] [PubMed]

	



Thomassen, I.; van Gestel, Y.R.; Lemmens, V.E.; de Hingh, I.H. Incidence, prognosis, and treatment options for patients with synchronous peritoneal carcinomatosis and liver metastases from colorectal origin. Dis. Colon Rectum 2013, 56, 1373–1380. [Google Scholar] [CrossRef] [PubMed]

	



Sánchez-Hidalgo, J.M.; Rodríguez-Ortiz, L.; Arjona-Sánchez, Á.; Rufián-Peña, S.; Casado-Adam, Á.; Cosano-Álvarez, A.; Briceño-Delgado, J. Colorectal peritoneal metastases: Optimal management review. World J. Gastroenterol. 2019, 25, 3484–3502. [Google Scholar] [CrossRef]

	



Sugarbaker, P.H. Peritonectomy procedures. Ann. Surg. 1995, 221, 29–42. [Google Scholar] [CrossRef] [PubMed]

	



Gilly, F.N.; Beaujard, A.; Glehen, O.; Grandclement, E.; Caillot, J.L.; Francois, Y.; Sadeghi-Looyeh, B.; Gueugniaud, P.Y.; Garbit, F.; Benoit, M.; et al. Peritonectomy combined with intraperitoneal chemohyperthermia in abdominal cancer with peritoneal carcinomatosis: Phase I-II study. Anticancer Res. 1999, 19, 2317–2321. [Google Scholar]

	



Glehen, O.; Cotte, E.; Kusamura, S.; Deraco, M.; Baratti, D.; Passot, G.; Beaujard, A.-C.; Noel, G.F. Hyperthermic intraperitoneal chemotherapy: Nomenclature and modalities of perfusion. J. Surg. Oncol. 2008, 98, 242–246. [Google Scholar] [CrossRef]

	



Elias, D.; Antoun, S.; Goharin, A.; Otmany, A.E.; Puizillout, J.M.; Lasser, P. Research on the best chemohyperthermia technique of treatment of peritoneal carcinomatosis after complete resection. Int. J. Surg. Investig. 2000, 1, 431–439. [Google Scholar]

	



Jacquet, P.; Sugarbaker, P.H. Clinical research methodologies in diagnosis and staging of patients with peritoneal carcinomatosis. Cancer Treat. Res. 1996, 82, 359–374. [Google Scholar]

	



Somashekhar, S.P.; Ashwin, K.R.; Yethadka, R.; Zaveri, S.S.; Ahuja, V.K.; Rauthan, A.; Rohit, K.C. Impact of extent of parietal peritonectomy on oncological outcome after cytoreductive surgery and HIPEC. Pleura Peritoneum 2019, 4, 20190015. [Google Scholar] [CrossRef]

	



Chang, S.J.; Bristow, R.E.; Chi, D.S.; Cliby, W.A. Role of aggressive surgical cytoreduction in advanced ovarian cancer. J. Gynecol. Oncol. 2015, 26, 336–342. [Google Scholar] [CrossRef]

	



Pujade-Lauraine, E.; Hilpert, F.; Weber, B.; Reuss, A.; Poveda, A.; Kristensen, G.; Sorio, R.; Vergote, I.; Witteveen, P.; Bamias, A.; et al. Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: The AURELIA open-label randomized phase III trial. J. Clin. Oncol. 2014, 32, 1302–1308. [Google Scholar] [CrossRef]

	



Rosa, F.; Galiandro, F.; Ricci, R.; Di Miceli, D.; Quero, G.; Fiorillo, C.; Cina, C.; Alfieri, S. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) for colorectal peritoneal metastases: Analysis of short- and long-term outcomes. Langenbeck’s Arch. Surg. 2021, 406, 2797–2805. [Google Scholar] [CrossRef]

	



Al-Batran, S.-E.; Homann, N.; Pauligk, C.; Illerhaus, G.; Martens, U.M.; Stoehlmacher, J.; Schmalenberg, H.; Luley, K.B.; Prasnikar, N.; Egger, M.; et al. Effect of Neoadjuvant Chemotherapy Followed by Surgical Resection on Survival in Patients With Limited Metastatic Gastric or Gastroesophageal Junction Cancer: The AIO-FLOT3 Trial. JAMA Oncol. 2017, 3, 1237–1244. [Google Scholar] [CrossRef]

	



Chua, T.C.; Yan, T.D.; Morris, D.L. Surgical biology for the clinician: Peritoneal mesothelioma: Current understanding and management. Can. J. Surg. 2009, 52, 59–64. [Google Scholar]

	



Solass, W.; Kerb, R.; Mürdter, T.; Giger-Pabst, U.; Strumberg, D.; Tempfer, C.; Zieren, J.; Schwab, M.; Reymond, M.A. Intraperitoneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: First evidence for efficacy. Ann. Surg. Oncol. 2014, 21, 553–559. [Google Scholar] [CrossRef]

	



Chua, T.C.; Yan, T.D.; Saxena, A.; Morris, D.L. Should the treatment of peritoneal carcinomatosis by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy still be regarded as a highly morbid procedure?: A systematic review of morbidity and mortality. Ann. Surg. 2009, 249, 900–907. [Google Scholar] [CrossRef]

	



Houlzé-Laroye, C.; Glehen, O.; Sgarbura, O.; Gayat, E.; Sourrouille, I.; Tuech, J.-J.; Delhorme, J.-B.; Dumont, F.; Ceribelli, C.; Amroun, K.; et al. Half of Postoperative Deaths After Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy Could be Preventable: A French Root Cause Analysis on 5562 Patients. Ann. Surg. 2021, 274, 797–804. [Google Scholar] [CrossRef]

	



Alexandrescu, S.T.; Anastase, D.T.; Grigorie, R.T.; Zlate, C.A.; Andrei, S.; Costea, R.; Gramaticu, I.M.; Croitoru, A.E.; Popescu, I. Influence of the Primary Tumor Location on the Pattern of Synchronous Metastatic Spread in Patients with Stage IV Colorectal Carcinoma, According to the 8 th Edition of the AJCC Staging System. J. Gastrointestin Liver Dis. 2020, 29, 561–568. [Google Scholar] [CrossRef]

	



Segelman, J.; Granath, F.; Holm, T.; Machado, M.; Mahteme, H.; Martling, A. Incidence, prevalence and risk factors for peritoneal carcinomatosis from colorectal cancer. Br. J. Surg. 2012, 99, 699–705. [Google Scholar] [CrossRef]

	



Quere, P.; Facy, O.; Manfredi, S.; Jooste, V.; Faivre, J.; Lepage, C.; Bouvier, A.-M. Epidemiology, Management, and Survival of Peritoneal Carcinomatosis from Colorectal Cancer: A Population-Based Study. Dis. Colon Rectum 2015, 58, 743–752. [Google Scholar] [CrossRef]

	



Honoré, C.; Goéré, D.; Souadka, A.; Dumont, F.; Elias, D. Definition of patients presenting a high risk of developing peritoneal carcinomatosis after curative surgery for colorectal cancer: A systematic review. Ann. Surg. Oncol. 2013, 20, 183–192. [Google Scholar] [CrossRef] [PubMed]

	



Koga, S.; Hamazoe, R.; Maeta, M.; Shimizu, N.; Kanayama, H.; Osaki, Y. Treatment of implanted peritoneal cancer in rats by continuous hyperthermic peritoneal perfusion in combination with an anticancer drug. Cancer Res. 1984, 44, 1840–1842. [Google Scholar] [PubMed]

	



Verwaal, V.J.; van Ruth, S.; de Bree, E.; van Sloothen, G.W.; van Tinteren, H.; Boot, H.; Zoetmulder, F.A.N. Randomized trial of cytoreduction and hyperthermic intraperitoneal chemotherapy versus systemic chemotherapy and palliative surgery in patients with peritoneal carcinomatosis of colorectal cancer. J. Clin. Oncol. 2003, 21, 3737–3743. [Google Scholar] [CrossRef] [PubMed]

	



Elias, D.; Gilly, F.; Boutitie, F.; Quénet, F.; Bereder, J.-M.; Mansvelt, B.; Lorimier, G.; Dubè, P.; Glehen, O. Peritoneal colorectal carcinomatosis treated with surgery and perioperative intraperitoneal chemotherapy: Retrospective analysis of 523 patients from a multicentric French study. J. Clin. Oncol. 2010, 28, 63–68. [Google Scholar] [CrossRef]

	



Quénet, F.; Goéré, D.; Mehta, S.S.; Roca, L.; Dumont, F.; Hessissen, M.; Saint-Aubert, B.; Elias, D. Results of two bi-institutional prospective studies using intraperitoneal oxaliplatin with or without irinotecan during HIPEC after cytoreductive surgery for colorectal carcinomatosis. Ann. Surg. 2011, 254, 294–301. [Google Scholar] [CrossRef]

	



Goéré, D.; Malka, D.; Tzanis, D.; Gava, V.; Boige, V.; Eveno, C.; Maggiori, L.; Dumont, F.; Ducreux, M.; Elias, D. Is there a possibility of a cure in patients with colorectal peritoneal carcinomatosis amenable to complete cytoreductive surgery and intraperitoneal chemotherapy? Ann. Surg. 2013, 257, 1065–1071. [Google Scholar] [CrossRef]

	



Quénet, F.; Elias, D.; Roca, L.; Goéré, D.; Ghouti, L.; Pocard, M.; Facy, O.; Arvieux, C.; Lorimier, G.; Pezet, D.; et al. Cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy versus cytoreductive surgery alone for colorectal peritoneal metastases (PRODIGE 7): A multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22, 256–266. [Google Scholar] [CrossRef]

	



Glehen, O.; Kwiatkowski, F.; Sugarbaker, P.H.; Elias, D.; Levine, E.A.; De Simone, M.; Barone, R.; Yonemura, Y.; Cavaliere, F.; Quenet, F.; et al. Cytoreductive surgery combined with perioperative intraperitoneal chemotherapy for the management of peritoneal carcinomatosis from colorectal cancer: A multi-institutional study. J. Clin. Oncol. 2004, 22, 3284–3292. [Google Scholar] [CrossRef]

	



Turaga, K.; Levine, E.; Barone, R.; Sticca, R.; Petrelli, N.; Lambert, L.; Nash, G.; Morse, M.; Adbel-Misih, R.; Alexander, H.R.; et al. Consensus guidelines from The American Society of Peritoneal Surface Malignancies on standardizing the delivery of hyperthermic intraperitoneal chemotherapy (HIPEC) in colorectal cancer patients in the United States. Ann. Surg. Oncol. 2014, 21, 1501–1505. [Google Scholar] [CrossRef]

	



Yan, T.D.; Chu, F.; Links, M.; Kam, P.C.; Glenn, D.; Morris, D.L. Cytoreductive surgery and perioperative intraperitoneal chemotherapy for peritoneal carcinomatosis from colorectal carcinoma: Non-mucinous tumour associated with an improved survival. Eur. J. Surg. Oncol. 2006, 32, 1119–1124. [Google Scholar] [CrossRef]

	



da Silva, R.G.; Sugarbaker, P.H. Analysis of prognostic factors in seventy patients having a complete cytoreduction plus perioperative intraperitoneal chemotherapy for carcinomatosis from colorectal cancer. J. Am. Coll. Surg. 2006, 203, 878–886. [Google Scholar] [CrossRef]

	



Cavaliere, F.; De Simone, M.; Virzì, S.; Deraco, M.; Rossi, C.R.; Garofalo, A.; Di Filippo, F.; Giannarelli, D.; Vaira, M.; Valle, M.; et al. Prognostic factors and oncologic outcome in 146 patients with colorectal peritoneal carcinomatosis treated with cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy: Italian multicenter study S.I.T.I.L.O. Eur. J. Surg. Oncol. 2011, 37, 148–154. [Google Scholar] [CrossRef]

	



Van Sweringen, H.L.; Hanseman, D.J.; Ahmad, S.A.; Edwards, M.J.; Sussman, J.J. Predictors of survival in patients with high-grade peritoneal metastases undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Surgery 2012, 152, 617–625. [Google Scholar] [CrossRef]

	



Cotte, E.; Passot, G.; Gilly, F.-N.; Glehen, O. Selection of patients and staging of peritoneal surface malignancies. World J. Gastrointest. Oncol. 2010, 2, 31–35. [Google Scholar] [CrossRef]

	



Yonemura, Y.; Canbay, E.; Ishibashi, H. Prognostic factors of peritoneal metastases from colorectal cancer following cytoreductive surgery and perioperative chemotherapy. Sci. World J. 2013, 2013, 978394. [Google Scholar] [CrossRef]

	



Benizri, E.I.; Bernard, J.-L.; Rahili, A.; Benchimol, D.; Bereder, J.-M. Small bowel involvement is a prognostic factor in colorectal carcinomatosis treated with complete cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy. World J. Surg. Oncol. 2012, 10, 56–58. [Google Scholar] [CrossRef]

	



Elias, D.; Mariani, A.; Cloutier, A.-S.; Blot, F.; Goéré, D.; Dumont, F.; Honoré, C.; Billard, V.; Dartigues, P.; Ducreux, M. Modified selection criteria for complete cytoreductive surgery plus HIPEC based on peritoneal cancer index and small bowel involvement for peritoneal carcinomatosis of colorectal origin. Eur. J. Surg. Oncol. 2014, 40, 1467–1473. [Google Scholar] [CrossRef]

	



Tonello, M.; Ortega-Perez, G.; Alonso-Casado, O.; Torres-Mesa, P.; Guiñez, G.; Gonzalez-Moreno, S. Peritoneal carcinomatosis arising from rectal or colonic adenocarcinoma treated with cytoreductive surgery (CRS) hyperthermic intraperitoneal chemotherapy (HIPEC): Two different diseases. Clin. Transl. Oncol. 2018, 20, 1268–1273. [Google Scholar] [CrossRef]

	



Péron, J.; Mercier, F.; Tuech, J.-J.; Younan, R.; Sideris, L.; Gelli, M.; Dumont, F.; Le Roy, B.; Sgarbura, O.; Dico, R.L.; et al. The location of the primary colon cancer has no impact on outcomes in patients undergoing cytoreductive surgery for peritoneal metastasis. Surgery 2019, 165, 476–484. [Google Scholar] [CrossRef]

	



Massalou, D.; Benizri, E.; Chevallier, A.; Duranton-Tanneur, V.; Pedeutour, F.; Benchimol, D.; Bereder, J.-M. Peritoneal carcinomatosis of colorectal cancer: Novel clinical and molecular outcomes. Am. J. Surg. 2017, 213, 377–387. [Google Scholar] [CrossRef]

	



Bardou, M.; Rouland, A.; Martel, M.; Loffroy, R.; Barkun, A.N.; Chapelle, N. Review article: Obesity and colorectal cancer. Aliment. Pharmacol. Ther. 2022, 56, 407–418. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, M.E.; Bilimoria, K.Y.; Ko, C.Y.; Richards, K.; Hall, B.L. Effect of subjective preoperative variables on risk-adjusted assessment of hospital morbidity and mortality. Ann. Surg. 2009, 249, 682–689. [Google Scholar] [CrossRef] [PubMed]

	



Foster, J.M.; Sleightholm, R.; Patel, A.; Shostrom, V.; Hall, B.; Neilsen, B.; Bartlett, D.; Smith, L. Morbidity and Mortality Rates Following Cytoreductive Surgery Combined with Hyperthermic Intraperitoneal Chemotherapy Compared with Other High-Risk Surgical Oncology Procedures. JAMA Netw. Open 2019, 2, e186847. [Google Scholar] [CrossRef] [PubMed]

	



Cashin, P.; Sugarbaker, P.H. Hyperthermic intraperitoneal chemotherapy (HIPEC) for colorectal and appendiceal peritoneal metastases: Lessons learned from PRODIGE 7. J. Gastrointest Oncol. 2021, 12, S120–S128. [Google Scholar] [CrossRef]

	



Kirstein, M.N.; Root, S.A.; Moore, M.M.; Wieman, K.M.; Williams, B.W.; Jacobson, P.A.; Marker, P.H.; Tuttle, T.M. Exposure-response relationships for oxaliplatin-treated colon cancer cells. Anticancer Drugs 2008, 19, 37–44. [Google Scholar] [CrossRef]

	



Lemoine, L.; Thijssen, E.; Carleer, R.; Geboers, K.; Sugarbaker, P.; van der Speeten, K. Body surface area-based vs concentration-based perioperative intraperitoneal chemotherapy after optimal cytoreductive surgery in colorectal peritoneal surface malignancy treatment: COBOX trial. J. Surg. Oncol. 2019, 119, 999–1010. [Google Scholar] [CrossRef]

	



Levine, E.A.; Stewart, J.H.; Shen, P.; Russell, G.B.; Loggie, B.L.; Votanopoulos, K.I. Intraperitoneal chemotherapy for peritoneal surface malignancy: Experience with 1000 patients. J. Am. Coll. Surg. 2014, 218, 573–585. [Google Scholar] [CrossRef]

	



van Driel, W.J.; Koole, S.N.; Sikorska, K.; van Leeuwen, J.H.S.; Schreuder, H.W.R.; Hermans, R.H.M.; de Hingh, I.H.J.T.; van der Velden, J.; Arts, H.J.; Massuger, L.F.A.G.; et al. Hyperthermic Intraperitoneal Chemotherapy in Ovarian Cancer. N. Engl. J. Med. 2018, 378, 230–240. [Google Scholar] [CrossRef]

	



Yurttas, C.; Hoffmann, G.; Tolios, A.; Haen, S.P.; Schwab, M.; Königsrainer, I.; Königsrainer, A.; Beckert, S.; Löffler, M.W. Systematic Review of Variations in Hyperthermic Intraperitoneal Chemotherapy (HIPEC) for Peritoneal Metastasis from Colorectal Cancer. J. Clin. Med. 2018, 7, 567. [Google Scholar] [CrossRef]

	



Hompes, D.; D’Hoore, A.; Wolthuis, A.; Fieuws, S.; Mirck, B.; Bruin, S.; Verwaal, V. The use of Oxaliplatin or Mitomycin C in HIPEC treatment for peritoneal carcinomatosis from colorectal cancer: A comparative study. J. Surg. Oncol. 2014, 109, 527–532. [Google Scholar] [CrossRef]

	



Prada-Villaverde, A.; Esquivel, J.; Lowy, A.M.; Markman, M.; Chua, T.; Pelz, J.; Baratti, D.; Baumgartner, J.M.; Berri, R.; Bretcha-Boix, P.; et al. The American Society of Peritoneal Surface Malignancies evaluation of HIPEC with Mitomycin C versus Oxaliplatin in 539 patients with colon cancer undergoing a complete cytoreductive surgery. J. Surg. Oncol. 2014, 110, 779–785. [Google Scholar] [CrossRef]

	



Leung, V.; Huo, Y.R.; Liauw, W.; Morris, D.L. Oxaliplatin versus Mitomycin C for HIPEC in colorectal cancer peritoneal carcinomatosis. Eur. J. Surg. Oncol 2017, 43, 144–149. [Google Scholar] [CrossRef]

	



Andreou, A.; Kopetz, S.; Maru, D.M.; Chen, S.S.; Zimmitti, G.; Brouquet, A.; Shindoh, J.; Curley, S.A.; Garrett, C.; Overman, M.J.; et al. Adjuvant chemotherapy with FOLFOX for primary colorectal cancer is associated with increased somatic gene mutations and inferior survival in patients undergoing hepatectomy for metachronous liver metastases. Ann. Surg. 2012, 256, 642–650. [Google Scholar] [CrossRef]

	



de Gramont, A.; Figer, A.; Seymour, M.; Homerin, M.; Hmissi, A.; Cassidy, J.; Boni, C.; Cortes-Funes, H.; Cervantes, A.; Freyer, G.; et al. Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in advanced colorectal cancer. J. Clin. Oncol. 2000, 18, 2938–2947. [Google Scholar] [CrossRef]

	



Powers, B.D.; Felder, S.; Veerapong, J.; Baumgartner, J.M.; Clarke, C.; Mogal, H.; Staley, C.A.; Maithel, S.K.; Patel, S.; Dhar, V.; et al. Repeat Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy Is Not Associated with Prohibitive Complications: Results of a Multiinstitutional Retrospective Study. Ann. Surg. Oncol. 2020, 27, 4883–4891. [Google Scholar] [CrossRef]

	



Golse, N.; Bakrin, N.; Passot, G.; Mohamed, F.; Vaudoyer, D.; Gilly, F.-N.; Glehen, O.; Cotte, E. Iterative procedures combining cytoreductive surgery with hyperthermic intraperitoneal chemotherapy for peritoneal recurrence: Postoperative and long-term results. J. Surg. Oncol. 2012, 106, 197–203. [Google Scholar] [CrossRef]

	



Bijelic, L.; Yan, T.D.; Sugarbaker, P.H. Treatment failure following complete cytoreductive surgery and perioperative intraperitoneal chemotherapy for peritoneal dissemination from colorectal or appendiceal mucinous neoplasms. J. Surg. Oncol. 2008, 98, 295–299. [Google Scholar] [CrossRef]

	



Yap, D.R.Y.; Wong, J.S.M.; Tan, Q.X.; Tan, J.W.-S.; Chia, C.S.; Ong, C.-A.J. Effect of HIPEC on Peritoneal Recurrence in Peritoneal Metastasis Treated with Cytoreductive Surgery: A Systematic Review. Front. Oncol. 2021, 11, 795390. [Google Scholar] [CrossRef]

	



Newton, A.D.; Bartlett, E.K.; Karakousis, G.C. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy: A review of factors contributing to morbidity and mortality. J. Gastrointest. Oncol. 2016, 7, 99–111. [Google Scholar]

	



Elias, D.; Honoré, C.; Dumont, F.; Ducreux, M.; Boige, V.; Malka, D.; Burtin, P.; Dromain, C.; Goéré, D. Results of systematic second-look surgery plus HIPEC in asymptomatic patients presenting a high risk of developing colorectal peritoneal carcinomatosis. Ann. Surg. 2011, 254, 289–293. [Google Scholar] [CrossRef]

	



Elias, D.; Goéré, D.; Di Pietrantonio, D.; Boige, V.; Malka, D.; Kohneh-Shahri, N.; Dromain, C.; Ducreux, M. Results of systematic second-look surgery in patients at high risk of developing colorectal peritoneal carcinomatosis. Ann. Surg. 2008, 247, 445–450. [Google Scholar] [CrossRef] [PubMed]

	



Del Moral, Á.S.; Viejo, E.P.; Romero, I.M.; Caravaca, G.R.; Pérez, F.P. Systematic Second-Look Surgery Plus HIPEC in Patients without Evidence of Recurrence, at High Risk of Carcinomatosis after Colorectal Cancer Resection. Cir. Esp. 2018, 96, 96–101. [Google Scholar]

	



Sammartino, P.; Sibio, S.; Biacchi, D.; Cardi, M.; Mingazzini, P.; Rosati, M.S.; Cornali, T.; Sollazzo, B.; Atta, J.M.; Di Giorgio, A. Long-term results after proactive management for locoregional control in patients with colonic cancer at high risk of peritoneal metastases. Int. J. Color. Dis. 2014, 29, 1081–1089. [Google Scholar] [CrossRef] [PubMed]

	



Tentes, A.-A.K.; Kyziridis, D.; Kakolyris, S.; Pallas, N.; Zorbas, G.; Korakianitis, O.; Mavroudis, C.; Courcoutsakis, N.; Prasopoulos, P. Preliminary results of hyperthermic intraperitoneal intraoperative chemotherapy as an adjuvant in resectable pancreatic cancer. Gastroenterol. Res. Pract. 2012, 2012, 506571. [Google Scholar] [CrossRef]

	



Baratti, D.; Kusamura, S.; Iusco, D.; Gimondi, S.; Pietrantonio, F.; Milione, M.; Guaglio, M.; Bonomi, S.; Grassi, A.; Virzì, S.; et al. Hyperthermic Intraperitoneal Chemotherapy (HIPEC) at the Time of Primary Curative Surgery in Patients with Colorectal Cancer at High Risk for Metachronous Peritoneal Metastases. Ann. Surg. Oncol. 2017, 24, 167–175. [Google Scholar] [CrossRef]

	



Sloothaak, D.A.M.; Mirck, B.; Punt, C.J.A.; Bemelman, W.A.; van der Bilt, J.D.W.; D’Hoore, A.; Tanis, P.J. Intraperitoneal chemotherapy as adjuvant treatment to prevent peritoneal carcinomatosis of colorectal cancer origin: A systematic review. Br. J. Cancer 2014, 111, 1112–1121. [Google Scholar] [CrossRef]

	



Goéré, D.; Glehen, O.; Quenet, F.; Guilloit, J.M.; Bereder, J.M.; Lorimier, G.; Thibaudeau, E.; Ghouti, L.; Pinto, A.; Tuech, J.J.; et al. Second-look surgery plus hyperthermic intraperitoneal chemotherapy versus surveillance in patients at high risk of developing colorectal peritoneal metastases (PROPHYLOCHIP-PRODIGE 15): A randomised, phase 3 study. Lancet Oncol. 2020, 21, 1147–1154. [Google Scholar] [CrossRef]

	



Klaver, C.E.L.; Wisselink, D.D.; Punt, C.J.A.; Snaebjornsson, P.; Crezee, J.; Aalbers, A.G.J.; Brandt, A.; Bremers, A.J.A.; Fabry, H.F.J.; Ferenschild, F.; et al. Adjuvant hyperthermic intraperitoneal chemotherapy in patients with locally advanced colon cancer (COLOPEC): A multicentre, open-label, randomised trial. Lancet Gastroenterol. Hepatol. 2019, 4, 761–770. [Google Scholar] [CrossRef]

	



Sommariva, A.; Tonello, M.; Coccolini, F.; De Manzoni, G.; Delrio, P.; Pizzolato, E.; Gelmini, R.; Serra, F.; Rreka, E.; Pasqual, E.M.; et al. Colorectal Cancer with Peritoneal Metastases: The Impact of the Results of PROPHYLOCHIP, COLOPEC, and PRODIGE 7 Trials on Peritoneal Disease Management. Cancers 2022, 15, 165. [Google Scholar] [CrossRef]

	



Gretschel, S.; Siegel, R.; Estévez-Schwarz, L.; Hünerbein, M.; Schneider, U.; Schlag, P.M. Surgical strategies for gastric cancer with synchronous peritoneal carcinomatosis. Br. J. Surg. 2006, 93, 1530–1535. [Google Scholar] [CrossRef]

	



Roviello, F.; Caruso, S.; Neri, A.; Marrelli, D. Treatment and prevention of peritoneal carcinomatosis from gastric cancer by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy: Overview and rationale. Eur. J. Surg. Oncol. 2013, 39, 1309–1316. [Google Scholar] [CrossRef]

	



Ajani, J.A.; Bentrem, D.J.; Besh, S.; D’Amico, T.A.; Das, P.; Denlinger, C.; Fakih, M.G.; Fuchs, C.S.; Gerdes, H.; Glasgow, R.E.; et al. Gastric cancer, version 2.2013: Featured updates to the NCCN Guidelines. J. Natl. Compr. Cancer Netw. 2013, 11, 531–546. [Google Scholar] [CrossRef]

	



Fuchs, C.S.; Shitara, K.; Di Bartolomeo, M.; Lonardi, S.; Al-Batran, S.-E.; Van Cutsem, E.; Ilson, D.H.; Alsina, M.; Chau, I.; Lacy, J.; et al. Ramucirumab with cisplatin and fluoropyrimidine as first-line therapy in patients with metastatic gastric or junctional adenocarcinoma (RAINFALL): A double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol. 2019, 20, 420–435. [Google Scholar] [CrossRef]

	



Fujimoto, S.; Takahashi, M.; Mutou, T.; Kobayashi, K.; Toyosawa, T.; Isawa, E.; Sumida, M.; Ohkubo, H. Improved mortality rate of gastric carcinoma patients with peritoneal carcinomatosis treated with intraperitoneal hyperthermic chemoperfusion combined with surgery. Cancer 1997, 79, 884–891. [Google Scholar] [CrossRef]

	



Yonemura, Y.; Fujimura, T.; Nishimura, G.; Falla, R.; Sawa, T.; Katayama, K.; Tsugawa, K.; Fushida, S.; Miyazaki, I.; Tanaka, M.; et al. Effects of intraoperative chemohyperthermia in patients with gastric cancer with peritoneal dissemination. Surgery 1996, 119, 437–444. [Google Scholar] [CrossRef]

	



Glehen, O.; Schreiber, V.; Cotte, E.; Sayag-Beaujard, A.C.; Osinsky, D.; Freyer, G.; Francois, Y.; Vignal, J.; Gilly, F.N. Cytoreductive surgery and intraperitoneal chemohyperthermia for peritoneal carcinomatosis arising from gastric cancer. Arch. Surg. 2004, 139, 20–26. [Google Scholar] [CrossRef]

	



Glehen, O.; Gilly, F.-N.; Arvieux, C.; Cotte, E.; Boutitie, F.; Mansvelt, B.; Bereder, J.-M.; Lorimier, G.; Quénet, F.; Elias, D.; et al. Peritoneal carcinomatosis from gastric cancer: A multi-institutional study of 159 patients treated by cytoreductive surgery combined with perioperative intraperitoneal chemotherapy. Ann. Surg. Oncol. 2010, 17, 2370–2377. [Google Scholar] [CrossRef]

	



Yonemura, Y.; Elnemr, A.; Endou, Y.; Hirano, M.; Mizumoto, A.; Takao, N.; Ichinose, M.; Miura, M.; Li, Y. Multidisciplinary therapy for treatment of patients with peritoneal carcinomatosis from gastric cancer. World J. Gastrointest. Oncol. 2010, 2, 85–97. [Google Scholar] [CrossRef]

	



Bonnot, P.-E.; Piessen, G.; Kepenekian, V.; Decullier, E.; Pocard, M.; Meunier, B.; Bereder, J.-M.; Abboud, K.; Marchal, F.; Quénet, F.; et al. Cytoreductive Surgery with or without Hyperthermic Intraperitoneal Chemotherapy for Gastric Cancer with Peritoneal Metastases (CYTO-CHIP study): A Propensity Score Analysis. J. Clin. Oncol. 2019, 37, 2028–2040. [Google Scholar] [CrossRef]

	



Coccolini, F.; Catena, F.; Glehen, O.; Yonemura, Y.; Sugarbaker, P.H.; Piso, P.; Montori, G.; Ansaloni, L. Complete versus incomplete cytoreduction in peritoneal carcinosis from gastric cancer, with consideration to PCI cut-off. Systematic review and meta-analysis. Eur. J. Surg. Oncol. 2015, 41, 911–919. [Google Scholar] [CrossRef]

	



Canbay, E.; Mizumoto, A.; Ichinose, M.; Ishibashi, H.; Sako, S.; Hirano, M.; Takao, N.; Yonemura, Y. Outcome data of patients with peritoneal carcinomatosis from gastric origin treated by a strategy of bidirectional chemotherapy prior to cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in a single specialized center in Japan. Ann. Surg. Oncol. 2014, 21, 1147–1152. [Google Scholar] [CrossRef] [PubMed]

	



Marano, L.; Marrelli, D.; Sammartino, P.; Biacchi, D.; Graziosi, L.; Marino, E.; Coccolini, F.; Fugazzola, P.; Valle, M.; Federici, O.; et al. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Gastric Cancer with Synchronous Peritoneal Metastases: Multicenter Study of ’Italian Peritoneal Surface Malignancies Oncoteam-S.I.C.O. Ann. Surg. Oncol. 2021, 28, 9060–9070. [Google Scholar] [CrossRef] [PubMed]

	



Caro, C.R.; Manzanedo, I.; Pereira, F.; Carrion-Alvarez, L.; Serrano, Á.; Viejo, E.P. Cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with gastric cancer and peritoneal carcinomatosis. Eur. J. Surg. Oncol. 2018, 44, 1805–1810. [Google Scholar] [CrossRef] [PubMed]

	



Yarema, R.; Mielko, J.; Fetsych, T.; Ohorchak, M.; Skorzewska, M.; Rawicz-Pruszyński, K.; Mashukov, A.; Maksimovsky, V.; Jastrzębski, T.; Polkowski, W.; et al. Hyperthermic intraperitoneal chemotherapy (HIPEC) in combined treatment of locally advanced and intraperitonealy disseminated gastric cancer: A retrospective cooperative Central-Eastern European study. Cancer Med. 2019, 8, 2877–2885. [Google Scholar] [CrossRef] [PubMed]

	



Rau, B.; Brandl, A.; Piso, P.; Pelz, J.; Busch, P.; Demtröder, C.; Schüle, S.; Schlitt, H.-J.; Roitman, M.; Tepel, J.; et al. Peritoneal metastasis in gastric cancer: Results from the German database. Gastric Cancer 2020, 23, 11–22. [Google Scholar] [CrossRef]

	



Rau, B.; Brandl, A.; Thuss-Patience, P.; Bergner, F.; Raue, W.; Arnold, A.; Horst, D.; Pratschke, J.; Biebl, M. The efficacy of treatment options for patients with gastric cancer and peritoneal metastasis. Gastric Cancer 2019, 22, 1226–1237. [Google Scholar] [CrossRef]

	



Glehen, O.; Gilly, F.N.; Boutitie, F.; Bereder, J.M.; Quénet, F.; Sideris, L.; Mansvelt, B.; Lorimier, G.; Msika, S.; Elias, D.; et al. Toward curative treatment of peritoneal carcinomatosis from nonovarian origin by cytoreductive surgery combined with perioperative intraperitoneal chemotherapy: A multi-institutional study of 1290 patients. Cancer 2010, 116, 5608–5618. [Google Scholar] [CrossRef]

	



Marano, L.; Marrelli, D.; Roviello, F. ASO Author Reflections: Gastric Cancer with Synchronous Peritoneal Disease—A Clinically Meaningful Survival after CRS and HIPEC in Selected Patients from Italian Peritoneal Surface Malignancies Oncoteam Network. Ann. Surg. Oncol. 2021, 28, 9071–9072. [Google Scholar] [CrossRef]

	



Königsrainer, I.; Horvath, P.; Struller, F.; Königsrainer, A.; Beckert, S. Initial clinical experience with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy in signet-ring cell gastric cancer with peritoneal metastases. J. Gastric Cancer 2014, 14, 117–122. [Google Scholar] [CrossRef]

	



Solomon, D.; DeNicola, N.; Feingold, D.; Liu, P.H.; Aycart, S.; Golas, B.J.; Sarpel, U.; Labow, D.M.; Magge, D.R. Signet ring cell features with peritoneal carcinomatosis in patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy are associated with poor overall survival. J. Surg. Oncol. 2019, 119, 758–765. [Google Scholar] [CrossRef]

	



Hartwig, W.; Gluth, A.; Hinz, U.; Koliogiannis, D.; Strobel, O.; Hackert, T.; Werner, J.; Büchler, M.W. Outcomes after extended pancreatectomy in patients with borderline resectable and locally advanced pancreatic cancer. Br. J. Surg. 2016, 103, 1683–1694. [Google Scholar] [CrossRef]

	



Koemans, W.J.; van der Kaaij, R.T.; Boot, H.; Buffart, T.; Veenhof, A.A.F.A.; Hartemink, K.J.; Grootscholten, C.; Snaebjornsson, P.; Retel, V.P.; van Tinteren, H.; et al. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy versus palliative systemic chemotherapy in stomach cancer patients with peritoneal dissemination, the study protocol of a multicentre randomised controlled trial (PERISCOPE II). BMC Cancer 2019, 19, 420–428. [Google Scholar] [CrossRef]

	



Bieri, U.; Moch, H.; Dehler, S.; Korol, D.; Rohrmann, S. Changes in autopsy rates among cancer patients and their impact on cancer statistics from a public health point of view: A longitudinal study from 1980 to 2010 with data from Cancer Registry Zurich. Virchows Arch. 2015, 466, 637–643. [Google Scholar] [CrossRef]

	



Berretta, M.; Fisichella, R.; Borsatti, E.; Lleshi, A.; Ioffredo, S.; Meneguzzo, N.; Canzonieri, V.; Di Grazia, A.; Cannizzaro, R.; Tirelli, U.; et al. Feasibility of intraperitoneal Trastuzumab treatment in a patient with peritoneal carcinomatosis from gastric cancer. Eur. Rev. Med. Pharmacol. Sci. 2014, 18, 689–692. [Google Scholar]

	



Seyfried, F.; von Rahden, B.H.; Miras, A.D.; Gasser, M.; Maeder, U.; Kunzmann, V.; Germer, C.-T.; Pelz, J.; Kerscher, A.G. Incidence, time course and independent risk factors for metachronous peritoneal carcinomatosis of gastric origin-a longitudinal experience from a prospectively collected database of 1108 patients. BMC Cancer 2015, 15, 73. [Google Scholar] [CrossRef]

	



Bando, E.; Yonemura, Y.; Takeshita, Y.; Taniguchi, K.; Yasui, T.; Yoshimitsu, Y.; Fushida, S.; Fujimura, T.; Nishimura, G.; Miwa, K. Intraoperative lavage for cytological examination in 1,297 patients with gastric carcinoma. Am. J. Surg. 1999, 178, 256–262. [Google Scholar] [CrossRef]

	



Nio, Y.; Tsubono, M.; Kawabata, K.; Masai, Y.; Hayashi, H.; Meyer, C.; Inoue, K.; Tobe, T. Comparison of survival curves of gastric cancer patients after surgery according to the UICC stage classification and the General Rules for Gastric Cancer Study by the Japanese Research Society for gastric cancer. Ann. Surg. 1993, 218, 47–53. [Google Scholar] [CrossRef]

	



Sun, J.; Song, Y.; Wang, Z.; Gao, P.; Chen, X.; Xu, Y.; Liang, J.; Xu, H. Benefits of hyperthermic intraperitoneal chemotherapy for patients with serosal invasion in gastric cancer: A meta-analysis of the randomized controlled trials. BMC Cancer 2012, 12, 526. [Google Scholar] [CrossRef]

	



Beeharry, M.K.; Zhu, Z.-L.; Liu, W.-T.; Yao, X.-X.; Yan, M.; Zhu, Z.-G. Correction to: Prophylactic HIPEC with radical D2 gastrectomy improves survival and peritoneal recurrence rates for locally advanced gastric cancer: Personal experience from a randomized case control study. BMC Cancer 2019, 19, 1256. [Google Scholar] [CrossRef]

	



Glehen, O.; Passot, G.; Villeneuve, L.; Vaudoyer, D.; Bin-Dorel, S.; Boschetti, G.; Piaton, E.; Garofalo, A. GASTRICHIP: D2 resection and hyperthermic intraperitoneal chemotherapy in locally advanced gastric carcinoma: A randomized and multicenter phase III study. BMC Cancer 2014, 14, 183. [Google Scholar] [CrossRef]

	



Chua, T.C.; Moran, B.J.; Sugarbaker, P.H.; Levine, E.A.; Glehen, O.; Gilly, F.N.; Baratti, D.; Deraco, M.; Elias, D.; Sardi, A.; et al. Early- and long-term outcome data of patients with pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. J. Clin. Oncol. 2012, 30, 2449–2456. [Google Scholar] [CrossRef] [PubMed]

	



Govaerts, K.; Lurvink, R.J.; De Hingh, I.H.J.T.; Van der Speeten, K.; Villeneuve, L.; Kusamura, S.; Kepenekian, V.; Deraco, M.; Glehen, O.; Moran, B.J.; et al. Appendiceal tumours and pseudomyxoma peritonei: Literature review with PSOGI/EURACAN clinical practice guidelines for diagnosis and treatment. Eur. J. Surg. Oncol. 2011, 47, 11–35. [Google Scholar] [CrossRef] [PubMed]

	



Esquivel, J.; Elias, D.; Baratti, D.; Kusamura, S.; Deraco, M. Consensus statement on the loco regional treatment of colorectal cancer with peritoneal dissemination. J. Surg. Oncol. 2008, 98, 263–267. [Google Scholar] [CrossRef] [PubMed]

	



Downs-Canner, S.; Ding, Y.; Magge, D.R.; Jones, H.; Ramalingam, L.; Zureikat, A.; Holtzman, M.; Ahrendt, S.; Pingpank, J.; Zeh, H.J.; et al. A comparative analysis of postoperative pancreatic fistulas after surgery with and without hyperthermic intraperitoneal chemoperfusion. Ann. Surg. Oncol. 2015, 22, 1651–1657. [Google Scholar] [CrossRef]

	



Doud, A.N.; Randle, R.W.; Clark, C.J.; Levine, E.A.; Swett, K.R.; Shen, P.; Stewart, J.H.; Votanopoulos, K.I. Impact of distal pancreatectomy on outcomes of peritoneal surface disease treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Ann. Surg. Oncol. 2015, 22, 1645–1650. [Google Scholar] [CrossRef]

	



Di Fabio, F.; Mehta, A.; Chandrakumaran, K.; Mohamed, F.; Cecil, T.; Moran, B. Advanced Pseudomyxoma Peritonei Requiring Gastrectomy to Achieve Complete Cytoreduction Results in Good Long-Term Oncologic Outcomes. Ann. Surg. Oncol. 2016, 23, 4316–4321. [Google Scholar] [CrossRef]

	



Moran, B.J.; Tzivanakis, A. The concept of ‘Obstruction-Free Survival’ as an outcome measure in advanced colorectal cancer management. Pleura Peritoneum 2018, 3, 20180101. [Google Scholar] [CrossRef]

	



Yan, T.D.; Deraco, M.; Baratti, D.; Kusamura, S.; Elias, D.; Glehen, O.; Gilly, F.N.; Levine, E.A.; Shen, P.; Mohamed, F.; et al. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for malignant peritoneal mesothelioma: Multi-institutional experience. J. Clin. Oncol. 2009, 27, 6237–6242. [Google Scholar] [CrossRef]

	



Delhorme, J.-B.; Elias, D.; Varatharajah, S.; Benhaim, L.; Dumont, F.; Honoré, C.; Goéré, D. Can a Benefit be Expected from Surgical Debulking of Unresectable Pseudomyxoma Peritonei? Ann. Surg. Oncol. 2016, 23, 1618–1624. [Google Scholar] [CrossRef]

	



Glehen, O.; Mohamed, F.; Sugarbaker, P.H. Incomplete cytoreduction in 174 patients with peritoneal carcinomatosis from appendiceal malignancy. Ann. Surg. 2004, 240, 278–285. [Google Scholar] [CrossRef]

	



Low, R.N.; Barone, R.M.; Gurney, J.M.; Muller, W.D. Mucinous appendiceal neoplasms: Preoperative MR staging and classification compared with surgical and histopathologic findings. Am. J. Roentgenol. 2008, 190, 656–665. [Google Scholar] [CrossRef]

	



Elias, D.; Benizri, E.; Vernerey, D.; Eldweny, H.; Dipietrantonio, D.; Pocard, M. Preoperative criteria of incomplete resectability of peritoneal carcinomatosis from non-appendiceal colorectal carcinoma. Gastroenterol. Clin. Biol. 2005, 29, 1010–1013. [Google Scholar] [CrossRef]

	



Heeckt, P.; Safi, F.; Binder, T.; Büchler, M. Free intraperitoneal tumors cells in pancreatic cancer-significance for clinical course and therapy. Der Chir. 1992, 63, 563–567. [Google Scholar]

	



Tani, M.; Kawai, M.; Terasawa, H.; Ina, S.; Hirono, S.; Shimamoto, T.; Miyazawa, M.; Uchiyama, K.; Yamaue, H. Prognostic factors for long-term survival in patients with locally invasive pancreatic cancer. J. Hepatobiliary Pancreat. Surg. 2007, 14, 545–550. [Google Scholar] [CrossRef]

	



Tentes, A.-A.; Pallas, N.; Karamveri, C.; Kyziridis, D.; Hristakis, C. Cytoreduction and HIPEC for peritoneal carcinomatosis of pancreatic cancer. J. BUON 2018, 23, 482–487. [Google Scholar]

	



Tentes, A.-A.; Stamou, K.; Pallas, N.; Karamveri, C.; Kyziridis, D.; Hristakis, C. The effect of hyperthermic intraoperative intraperitoneal chemotherapy (HIPEC) as an adjuvant in patients with resectable pancreatic cancer. Int. J. Hyperth. 2016, 32, 895–899. [Google Scholar] [CrossRef]

	



Larentzakis, A.; Anagnostou, E.; Georgiou, K.; Vrakopoulou, G.-Z.; Zografos, C.G.; Zografos, G.C.; Toutouzas, K.G. Place of hyperthermic intraperitoneal chemotherapy in the armament against pancreatic adenocarcinoma: A survival, mortality and morbidity systematic review. Oncol. Lett. 2021, 21, 246. [Google Scholar] [CrossRef]

	



Amblard, I.; Mercier, F.; Bartlett, D.L.; Ahrendt, S.A.; Lee, K.W.; Zeh, H.J.; Levine, E.A.; Baratti, D.; Deraco, M.; Piso, P.; et al. Cytoreductive surgery and HIPEC improve survival compared to palliative chemotherapy for biliary carcinoma with peritoneal metastasis: A multi-institutional cohort from PSOGI and BIG RENAPE groups. Eur. J. Surg. Oncol. 2018, 44, 1378–1383. [Google Scholar] [CrossRef]

	



Quek, R.; George, S. Gastrointestinal stromal tumor: A clinical overview. Hematol. Oncol. Clin. N. Am. 2009, 23, 69–78. [Google Scholar] [CrossRef]

	



Tielen, R.; Verhoef, C.; van Coevorden, F.; Gelderblom, H.; Sleijfer, S.; Hartgrink, H.H.; Bonenkamp, J.J.; van der Graaf, W.T.; de Wilt, J.H.W. Surgery after treatment with imatinib and/or sunitinib in patients with metastasized gastrointestinal stromal tumors: Is it worthwhile? World J. Surg. Oncol. 2012, 10, 111. [Google Scholar] [CrossRef]

	



Keung, E.Z.; Fairweather, M.; Raut, C.P. The Role of Surgery in Metastatic Gastrointestinal Stromal Tumors. Curr. Treat Options Oncol. 2016, 17, 8–12. [Google Scholar] [CrossRef]

	



Van Glabbeke, M.; Verweij, J.; Casali, P.G.; Le Cesne, A.; Hohenberger, P.; Ray-Coquard, I.; Schlemmer, M.; van Oosterom, A.T.; Goldstein, D.; Sciot, R.; et al. Initial and late resistance to imatinib in advanced gastrointestinal stromal tumors are predicted by different prognostic factors: A European Organisation for Research and Treatment of Cancer-Italian Sarcoma Group-Australasian Gastrointestinal Trials Group study. J. Clin. Oncol. 2005, 23, 5795–5804. [Google Scholar]

	



GSTMA Group. Comparison of two doses of imatinib for the treatment of unresectable or metastatic gastrointestinal stromal tumors: A meta-analysis of 1640 patients. J. Clin. Oncol. 2010, 28, 1247–1253. [Google Scholar] [CrossRef] [PubMed]

	



An, H.J.; Ryu, M.-H.; Ryoo, B.-Y.; Sohn, B.S.; Kim, K.-H.; Oh, S.T.; Yu, C.S.; Yook, J.H.; Kim, B.S.; Kang, Y.-K. The effects of surgical cytoreduction prior to imatinib therapy on the prognosis of patients with advanced GIST. Ann. Surg. Oncol. 2013, 20, 4212–4218. [Google Scholar] [CrossRef] [PubMed]

	



Bonvalot, S.; Eldweny, H.; Péchoux, C.L.; Vanel, D.; Terrier, P.; Cavalcanti, A.; Robert, C.; Lassau, N.; Cesne, A.L. Impact of surgery on advanced gastrointestinal stromal tumors (GIST) in the imatinib era. Ann. Surg. Oncol. 2006, 13, 1596–1603. [Google Scholar] [CrossRef]

	



Raut, C.P.; Posner, M.; Desai, J.; Morgan, J.A.; George, S.; Zahrieh, D.; Fletcher, C.D.M.; Demetri, G.D.; Bertagnolli, M.M. Surgical management of advanced gastrointestinal stromal tumors after treatment with targeted systemic therapy using kinase inhibitors. J. Clin. Oncol. 2006, 24, 2325–2331. [Google Scholar] [CrossRef] [PubMed]

	



Andtbacka, R.H.I.; Ng, C.S.; Scaife, C.L.; Cormier, J.N.; Hunt, K.K.; Pisters, P.W.T.; Pollock, R.E.; Benjamin, R.S.; Burgess, M.A.; Chen, L.L.; et al. Surgical resection of gastrointestinal stromal tumors after treatment with imatinib. Ann. Surg. Oncol. 2007, 14, 14–24. [Google Scholar] [CrossRef]

	



DeMatteo, R.P.; Maki, R.G.; Singer, S.; Gonen, M.; Brennan, M.F.; Antonescu, C.R. Results of tyrosine kinase inhibitor therapy followed by surgical resection for metastatic gastrointestinal stromal tumor. Ann. Surg. 2007, 245, 347–352. [Google Scholar] [CrossRef]

	



Gronchi, A.; Fiore, M.; Miselli, F.; Lagonigro, M.S.; Coco, P.; Messina, A.; Pilotti, S.; Casali, P.G. Surgery of residual disease following molecular-targeted therapy with imatinib mesylate in advanced/metastatic GIST. Ann. Surg. 2007, 245, 341–346. [Google Scholar] [CrossRef]

	



Bischof, D.A.; Kim, Y.; Blazer, D.G.; Behman, R.; Karanicolas, P.J.; Law, C.H.; Quereshy, F.A.; Maithel, S.K.; Gamblin, T.C.; Bauer, T.W.; et al. Surgical management of advanced gastrointestinal stromal tumors: An international multi-institutional analysis of 158 patients. J. Am. Coll. Surg. 2014, 219, 439–449. [Google Scholar] [CrossRef]

	



Rubió-Casadevall, J.; Martinez-Trufero, J.; Garcia-Albeniz, X.; Calabuig, S.; Lopez-Pousa, A.; Del Muro, J.G.; Fra, J.; Redondo, A.; Lainez, N.; Poveda, A.; et al. Role of surgery in patients with recurrent, metastatic, or unresectable locally advanced gastrointestinal stromal tumors sensitive to imatinib: A retrospective analysis of the Spanish Group for Research on Sarcoma (GEIS). Ann. Surg. Oncol. 2015, 22, 2948–2957. [Google Scholar] [CrossRef]

	



Mussi, C.; Ronellenfitsch, U.; Jakob, J.; Tamborini, E.; Reichardt, P.; Casali, P.G.; Fiore, M.; Hohenberger, P.; Gronchi, A. Post-imatinib surgery in advanced/metastatic GIST: Is it worthwhile in all patients? Ann. Oncol. 2010, 21, 403–408. [Google Scholar] [CrossRef]

	



Sym, S.J.; Ryu, M.-H.; Lee, J.-L.; Chang, H.M.; Kim, T.-W.; Kim, H.C.; Kim, K.-H.; Yook, J.H.; Kim, B.S.; Kang, Y.-K. Surgical intervention following imatinib treatment in patients with advanced gastrointestinal stromal tumors (GISTs). J. Surg. Oncol. 2008, 98, 27–33. [Google Scholar] [CrossRef]

	



Yeh, C.-N.; Wang, S.-Y.; Tsai, C.-Y.; Chen, Y.-Y.; Liu, C.-T.; Chiang, K.-C.; Chen, T.-W.; Liu, Y.-Y.; Yeh, T.-S. Surgical management of patients with progressing metastatic gastrointestinal stromal tumors receiving sunitinib treatment: A prospective cohort study. Int. J. Surg. 2017, 39, 30–36. [Google Scholar] [CrossRef]

	



Raut, C.P.; Wang, Q.; Manola, J.; Morgan, J.A.; George, S.; Wagner, A.J.; Butrynski, J.E.; Fletcher, C.D.M.; Demetri, G.D.; Bertagnolli, M.M. Cytoreductive surgery in patients with metastatic gastrointestinal stromal tumor treated with sunitinib malate. Ann. Surg. Oncol. 2010, 17, 407–415. [Google Scholar] [CrossRef]

	



Zhang, X.H.; He, Y.L. Significance of surgical treatment for recurrent and metastatic gastrointestinal stromal tumors. Chin. J. Gastrointest. Surg. 2020, 23, 840–844. [Google Scholar]

	



Goéré, D.; Passot, G.; Gelli, M.; Levine, E.A.; Bartlett, D.L.; Sugarbaker, P.H.; Glehen, O. Complete cytoreductive surgery plus HIPEC for peritoneal metastases from unusual cancer sites of origin: Results from a worldwide analysis issue of the Peritoneal Surface Oncology Group International (PSOGI). Int. J. Hyperth. 2017, 33, 520–527. [Google Scholar] [CrossRef]

	



Bonvalot, S.; Cavalcanti, A.; Le Péchoux, C.; Terrier, P.; Vanel, D.; Blay, J.Y.; Le Cesne, A.; Elias, D. Randomized trial of cytoreduction followed by intraperitoneal chemotherapy versus cytoreduction alone in patients with peritoneal sarcomatosis. Eur. J. Surg. Oncol. 2005, 31, 917–923. [Google Scholar] [CrossRef]

	



Baratti, D.; Pennacchioli, E.; Kusamura, S.; Fiore, M.; Balestra, M.R.; Colombo, C.; Mingrone, E.; Gronchi, A.; Deraco, M. Peritoneal sarcomatosis: Is there a subset of patients who may benefit from cytoreductive surgery and hyperthermic intraperitoneal chemotherapy? Ann. Surg. Oncol. 2010, 17, 3220–3228. [Google Scholar] [CrossRef]

	



Kianmanesh, R.; Ruszniewski, P.; Rindi, G.; Kwekkeboom, D.; Pape, U.-F.; Kulke, M.; Garcia, I.S.; Scoazec, J.-Y.; Nilsson, O.; Fazio, N.; et al. ENETS consensus guidelines for the management of peritoneal carcinomatosis from neuroendocrine tumors. Neuroendocrinology 2010, 91, 333–340. [Google Scholar] [CrossRef]

	



de Mestier, L.; Lardière-Deguelte, S.; Brixi, H.; O’Toole, D.; Ruszniewski, P.; Cadiot, G.; Kianmanesh, R. Updating the surgical management of peritoneal carcinomatosis in patients with neuroendocrine tumors. Neuroendocrinology 2015, 101, 105–111. [Google Scholar] [CrossRef] [PubMed]

	



Ejaz, A.; Reames, B.N.; Maithel, S.; Poultsides, G.A.; Bauer, T.W.; Fields, R.C.; Weiss, M.; Marques, H.P.; Aldrighetti, L.; Pawlik, T.M. The impact of extrahepatic disease among patients undergoing liver-directed therapy for neuroendocrine liver metastasis. J. Surg. Oncol. 2017, 116, 841–847. [Google Scholar] [CrossRef] [PubMed]

	



Tomassetti, P.; Campana, D.; Piscitelli, L.; Casadei, R.; Nori, F.; Brocchi, E.; Santini, D.; Pezzilli, R.; Corinaldesi, R. Endocrine tumors of the ileum: Factors correlated with survival. Neuroendocrinology 2006, 83, 380–386. [Google Scholar] [CrossRef] [PubMed]

	



Group, C.C.W. The Chicago Consensus on peritoneal surface malignancies: Management of neuroendocrine tumors. Cancer 2020, 126, 2561–2565. [Google Scholar]

	



Group, C.C.W. The Chicago Consensus on Peritoneal Surface Malignancies: Management of Neuroendocrine Tumors. Ann. Surg. Oncol. 2020, 27, 1788–1792. [Google Scholar]

	



Benhaim, L.; Faron, M.; Hadoux, J.; Gelli, M.; Sourrouille, I.; Burtin, P.; Honoré, C.; Malka, D.; Leboulleux, S.; Ducreux, M.; et al. Long-Term Results after Surgical Resection of Peritoneal Metastasis from Neuroendocrine Tumors. Neuroendocrinology 2021, 111, 599–608. [Google Scholar] [CrossRef]

	



Elias, D.; David, A.; Sourrouille, I.; Honoré, C.; Goéré, D.; Dumont, F.; Stoclin, A.; Baudin, E. Neuroendocrine carcinomas: Optimal surgery of peritoneal metastases (and associated intra-abdominal metastases). Surgery 2014, 155, 5–12. [Google Scholar] [CrossRef]

	



Wonn, S.M.; Limbach, K.E.; Pommier, S.J.; Ratzlaff, A.N.; Leon, E.J.; McCully, B.H.; Pommier, R.F. Outcomes of cytoreductive operations for peritoneal carcinomatosis with or without liver cytoreduction in patients with small bowel neuroendocrine tumors. Surgery 2021, 169, 168–174. [Google Scholar] [CrossRef]

	



Chan, D.L.; Dixon, M.; Law, C.H.L.; Koujanian, S.; Beyfuss, K.A.; Singh, S.; Myrehaug, S.; Hallet, J. Outcomes of Cytoreductive Surgery for Metastatic Low-Grade Neuroendocrine Tumors in the Setting of Extrahepatic Metastases. Ann. Surg. Oncol. 2018, 25, 1768–1774. [Google Scholar] [CrossRef]

	



Sarmiento, J.M.; Heywood, G.; Rubin, J.; Ilstrup, D.M.; Nagorney, D.M.; Que, F.G. Surgical treatment of neuroendocrine metastases to the liver: A plea for resection to increase survival. J. Am. Coll. Surg. 2003, 197, 29–37. [Google Scholar] [CrossRef]

	



Wind, G.G. Applied Laparoscopic Anatomy: Abdomen and Pelvis, 1st ed.; Lippincott Williams & Wilkins: Baltimore, MD, USA, 1997. [Google Scholar]

	



McEntee, G.P.; Nagorney, D.M.; Kvols, L.K.; Moertel, C.G.; Grant, C.S. Cytoreductive hepatic surgery for neuroendocrine tumors. Surgery 1990, 108, 1091–1096. [Google Scholar]

	



Woltering, E.A.; Voros, B.A.; Beyer, D.T.; Wang, Y.-Z.; Thiagarajan, R.; Ryan, P.; Wright, A.; Ramirez, R.A.; Ricks, M.J.; Boudreaux, J.P. Aggressive Surgical Approach to the Management of Neuroendocrine Tumors: A Report of 1000 Surgical Cytoreductions by a Single Institution. J. Am. Coll. Surg. 2017, 224, 434–447. [Google Scholar] [CrossRef]

	



Maxwell, J.E.; Sherman, S.K.; O’Dorisio, T.M.; Bellizzi, A.M.; Howe, J.R. Liver-directed surgery of neuroendocrine metastases: What is the optimal strategy? Surgery 2016, 159, 320–335. [Google Scholar] [CrossRef]

	



Bhatt, A. Management of Peritoneal Metastases-Cytoreductive Surgery, HIPEC and beyond; Springer: Berlin/Heidelberg, Germany, 2018. [Google Scholar]

	



Bilimoria, K.Y.; Bentrem, D.J.; Wayne, J.D.; Ko, C.Y.; Bennett, C.L.; Talamonti, M.S. Small bowel cancer in the United States: Changes in epidemiology, treatment, and survival over the last 20 years. Ann. Surg. 2009, 249, 63–71. [Google Scholar] [CrossRef]

	



Talamonti, M.S.; Goetz, L.H.; Rao, S.; Joehl, R.J. Primary cancers of the small bowel: Analysis of prognostic factors and results of surgical management. Arch. Surg. 2002, 137, 564–571. [Google Scholar] [CrossRef]

	



Overman, M.J.; Hu, C.-Y.; Kopetz, S.; Abbruzzese, J.L.; Wolff, R.A.; Chang, G.J. A population-based comparison of adenocarcinoma of the large and small intestine: Insights into a rare disease. Ann. Surg. Oncol. 2012, 19, 1439–1445. [Google Scholar] [CrossRef]

	



Legué, L.M.; Simkens, G.A.; Creemers, G.-J.M.; Lemmens, V.E.P.P.; de Hingh, I.H.J.T. Synchronous peritoneal metastases of small bowel adenocarcinoma: Insights into an underexposed clinical phenomenon. Eur. J. Cancer 2017, 87, 84–91. [Google Scholar] [CrossRef]

	



Dabaja, B.S.; Suki, D.; Pro, B.; Bonnen, M.; Ajani, J. Adenocarcinoma of the small bowel: Presentation, prognostic factors, and outcome of 217 patients. Cancer 2004, 101, 518–526. [Google Scholar] [CrossRef]

	



Legué, L.M.; Bernards, N.; Gerritse, S.L.; van Oudheusden, T.R.; de Hingh, I.H.J.T.; Creemers, G.-J.M.; Tije, A.J.T.; Lemmens, V.E.P.P. Trends in incidence, treatment and survival of small bowel adenocarcinomas between 1999 and 2013: A population-based study in The Netherlands. Acta Oncol. 2016, 55, 1183–1189. [Google Scholar] [CrossRef]

	



Liu, Y.; Ishibashi, H.; Takeshita, K.; Mizumoto, A.; Hirano, M.; Sako, S.; Takegawa, S.; Takao, N.; Ichinose, M.; Yonemura, Y. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Peritoneal Dissemination from Small Bowel Malignancy: Results from a Single Specialized Center. Ann. Surg. Oncol. 2016, 23, 1625–1631. [Google Scholar] [CrossRef]

	



Howe, J.R.; Karnell, L.H.; Menck, H.R.; Scott-Conner, C. The American College of Surgeons Commission on Cancer and the American Cancer Society. Adenocarcinoma of the small bowel: Review of the National Cancer Data Base, 1985–1995. Cancer 1999, 86, 2693–2706. [Google Scholar] [CrossRef]

	



Frost, D.B.; Mercado, P.D.; Tyrell, J.S. Small bowel cancer: A 30-year review. Ann. Surg. Oncol. 1994, 1, 290–295. [Google Scholar] [CrossRef]

	



Aparicio, T.; Zaanan, A.; Svrcek, M.; Laurent-Puig, P.; Carrere, N.; Manfredi, S.; Locher, C.; Afchain, P. Small bowel adenocarcinoma: Epidemiology, risk factors, diagnosis and treatment. Dig. Liver Dis. 2014, 46, 97–104. [Google Scholar] [CrossRef] [PubMed]

	



Halfdanarson, T.R.; McWilliams, R.R.; Donohue, J.H.; Quevedo, J.F. A single-institution experience with 491 cases of small bowel adenocarcinoma. Am. J. Surg 2010, 199, 797–803. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.; Yonemura, Y.; Levine, E.A.; Glehen, O.; Goéré, D.; Elias, D.; Morris, D.L.; Sugarbaker, P.H.; Tuech, J.J.; Cashin, P.; et al. Cytoreductive Surgery Plus Hyperthermic Intraperitoneal Chemotherapy for Peritoneal Metastases From a Small Bowel Adenocarcinoma: Multi-Institutional Experience. Ann. Surg. Oncol. 2018, 25, 1184–1192. [Google Scholar] [CrossRef]

	



Tsushima, T.; Taguri, M.; Honma, Y.; Takahashi, H.; Ueda, S.; Nishina, T.; Kawai, H.; Kato, S.; Suenaga, M.; Tamura, F.; et al. Multicenter retrospective study of 132 patients with unresectable small bowel adenocarcinoma treated with chemotherapy. Oncologist 2012, 17, 1163–1170. [Google Scholar] [CrossRef]

	



Sun, Y.; Shen, P.; Stewart, J.H.; Russell, G.B.; Levine, E.A. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis from small bowel adenocarcinoma. Am. Surg. 2013, 79, 644–648. [Google Scholar] [CrossRef]

	



Khan, K.; Peckitt, C.; Sclafani, F.; Watkins, D.; Rao, S.; Starling, N.; Jain, V.; Trivedi, S.; Stanway, S.; Cunningham, D.; et al. Prognostic factors and treatment outcomes in patients with Small Bowel Adenocarcinoma (SBA): The Royal Marsden Hospital (RMH) experience. BMC Cancer 2015, 15, 15. [Google Scholar] [CrossRef]

	



Overman, M.J.; Hu, C.-Y.; Wolff, R.A.; Chang, G.J. Prognostic value of lymph node evaluation in small bowel adenocarcinoma: Analysis of the surveillance, epidemiology, and end results database. Cancer 2010, 116, 5374–5382. [Google Scholar] [CrossRef]

	



Zaanan, A.; Costes, L.; Gauthier, M.; Malka, D.; Locher, C.; Mitry, E.; Tougeron, D.; Lecomte, T.; Gornet, J.-M.; Sobhani, I.; et al. Chemotherapy of advanced small-bowel adenocarcinoma: A multicenter AGEO study. Ann. Oncol. 2010, 21, 1786–1793. [Google Scholar] [CrossRef]

	



Alberto, M.; Brandl, A.; Garg, P.K.; Gül-Klein, S.; Dahlmann, M.; Stein, U.; Rau, B. Pressurized intraperitoneal aerosol chemotherapy and its effect on gastric-cancer-derived peritoneal metastases: An overview. Clin. Exp. Metastasis 2019, 36, 1–14. [Google Scholar] [CrossRef]

	



Garg, P.K.; Jara, M.; Alberto, M.; Rau, B. The role of Pressurized IntraPeritoneal Aerosol Chemotherapy in the management of gastric cancer: A systematic review. Pleura Peritoneum 2019, 4, 20180127. [Google Scholar] [CrossRef]

	



Alyami, M.; Mercier, F.; Siebert, M.; Bonnot, P.-E.; Laplace, N.; Villeneuve, L.; Passot, G.; Glehen, O.; Bakrin, N.; Kepenekian, V. Unresectable peritoneal metastasis treated by pressurized intraperitoneal aerosol chemotherapy (PIPAC) leading to cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Eur. J. Surg. Oncol. 2021, 47, 128–133. [Google Scholar] [CrossRef]

	



Franko, J.; Shi, Q.; Meyers, J.P.; Maughan, T.S.; Adams, R.A.; Seymour, M.T.; Saltz, L.; Punt, C.J.A.; Koopman, M.; Tournigand, C.; et al. Prognosis of patients with peritoneal metastatic colorectal cancer given systemic therapy: An analysis of individual patient data from prospective randomised trials from the Analysis and Research in Cancers of the Digestive System (ARCAD) database. Lancet Oncol. 2016, 17, 1709–1719. [Google Scholar] [CrossRef]

	



Khomyakov, V.; Ryabov, A.; Ivanov, A.; Bolotina, L.; Utkina, A.; Volchenko, N.; Kaprin, A. Bidirectional chemotherapy in gastric cancer with peritoneal metastasis combining intravenous XELOX with intraperitoneal chemotherapy with low-dose cisplatin and Doxorubicin administered as a pressurized aerosol: An open-label, Phase-2 study (PIPAC-GA2). Pleura Peritoneum 2016, 1, 159–166. [Google Scholar] [CrossRef]

	



Nadiradze, G.; Giger-Pabst, U.; Zieren, J.; Strumberg, D.; Solass, W.; Reymond, M.A. Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis. J. Gastrointest. Surg. 2015, 20, 367–373. [Google Scholar] [CrossRef]

	



Di Giorgio, A.; Schena, C.A.; El Halabieh, M.A.; Abatini, C.; Vita, E.; Strippoli, A.; Inzani, F.; Rodolfino, E.; Romanò, B.; Pacelli, F.; et al. Systemic chemotherapy and pressurized intraperitoneal aerosol chemotherapy (PIPAC): A bidirectional approach for gastric cancer peritoneal metastasis. Surg. Oncol. 2020, 34, 270–275. [Google Scholar] [CrossRef]

	



Girshally, R.; Demtröder, C.; Albayrak, N.; Zieren, J.; Tempfer, C.; Reymond, M.A. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) as a neoadjuvant therapy before cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. World J. Surg. Oncol. 2016, 14, 253. [Google Scholar] [CrossRef]

	



Di Giorgio, A.; Sgarbura, O.; Rotolo, S.; Schena, C.A.; Bagalà, C.; Inzani, F.; Russo, A.; Chiantera, V.; Pacelli, F. Pressurized intraperitoneal aerosol chemotherapy with cisplatin and doxorubicin or oxaliplatin for peritoneal metastasis from pancreatic adenocarcinoma and cholangiocarcinoma. Ther. Adv. Med. Oncol. 2020, 12, 1758835920940887. [Google Scholar] [CrossRef]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  medicina-59-00255


  
    		
      medicina-59-00255
    


  




  





media/file0.png





