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Abstract
The treatment of peritoneal carcinomatosis (PC) of colorectal origin with cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy  (HIPEC) has a 5-year recurrence-free or cure rate of at least 16%, so it is no longer labeled as a fatal disease, and offers prolonged survival for patients with a low peritoneal carcinomatosis index. Metachronous PC of colorectal origin is so predictable that there is a model which has been used to successfully determine the individual risk of each patient. Patients at risk are clearly identified; those with the highest risk have small peritoneal nodules present in the first surgery (70% probability of developing PC), ovarian metastases (60%), perforated tumor onset or intraoperative tumor rupture (50%). Current clinical, biological and imaging techniques still lack sufficient sensitivity to diagnose PC in its initial stages, when CRS plus HIPEC has a greater impact and a higher cure rate.  Second-look surgery with HIPEC or prophylactic HIPEC at the time of the first intervention have been proposed as means of preventing and/or anticipating clinical or radiological relapse in at-risk patients. Both techniques have shown a significant decrease in peritoneal relapses and should be considered essential weapons in the management of colorectal cancer.
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Core tip: Metachronous peritoneal carcinomatosis of colorectal origin is so predictable that at-risk patients can be clearly identified. Treating peritoneal carcinomatosis in its early stages, when the PCI is as low as possible, is vitally important to get the maximum benefit from cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy (HIPEC). Second-look surgery with HIPEC or prophylactic HIPEC at the time of the first intervention have been proposed as means of preventing and/or anticipating clinical or radiological relapse in at-risk patients. Both techniques have shown a significant decrease in peritoneal relapses and should be considered essential weapons in the management of colorectal cancer.
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INTRODUCTION
The treatment of peritoneal carcinomatosis (PC) of colorectal origin through a multidisciplinary approach (cytoreductive surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC) and systemic chemotherapy) means it is no longer labeled a fatal disease.  Median survival is about 6 months without treatment. Nowadays it would seem unacceptable to offer these patients a palliative approach (palliative surgery and systemic chemotherapy with/without biologics) with a survival rate of about 24 mo. The multimodal approach with curative intent achieves survivals of up to 64 mo with a mean 5-year survival of 51% in patients receiving a completeness of cytoreduction (CCR) CCR-0[1] and a disease-free survival at 5 years of 16%[2].
Surgeons and oncologists accept R0 resection plus systemic treatment with curative intent as the standard therapy for colorectal cancer liver metastases, this offers 5-year survival rate of 36.5%. This survival curve runs parallel to the curve for PC patients treated with CRS + HIPEC, which has a survival rate of 38%, as reflected in the retrospective study presented by Elias in 2015[3]. In fact analysis of this work confirmed that PC patients with a low PCI (between 1 and 5) treated with CRS + HIPEC, with a 3-year survival of 89%, have a better prognosis than those with liver metastases. These data are confirmed in Huang et al[4] review of 60 patients with a PCI of less than or equal to 5 which observed a median survival of 80.6 mo, a 5-year survival rate of 54.7% and no mortality.
Therefore it is very important to treat PC while the PCI is as low as possible. Less aggressive surgery is required for lower PCI values and is also more likely to achieve CCR-0; both PCI and CCR-0 are repeatedly the two factors with the highest prognostic significance in the treatment of PC[5-6].
However, early PC (when PCI is ≤ 5) cannot be detected with clinical, biological or radiological methods. It can only be detected through a surgical approach (this is the basis for second-look surgery). On the other hand, when the symptoms, biological abnormalities and/or radiological signs of PC are detectable, then patients usually present a high PCI and CRS + HIPEC offers a poor outcome[7]. 
This locoregional colorectal cancer relapse and the perception that it can probably be prevented or treated in high-risk patients at an early stage, unfortunately when it is still clinically and radiologically undetectable, is an issue that has concerned surgeons for many years. In 1948, Wagensteen performed second-look laparotomy in asymptomatic patients with lymph node involvement in the surgical specimen extracted from the first colorectal resection. He followed the hypothesis that early surgery in the incipient stages of relapse would increase survival in these patients and in 1962 he published a series on 98 asymptomatic patients, of which 36 patients had a positive second-look (36.7%), and 6 subjects in this group (17%) never experienced recurrence [8]. Wagensteen also published a series on 47 symptomatic second-look patients of which 15% became long-term survivors after several interventions.
Several works with different selection criteria involving patients undergoing second-look surgery were published in the 1980s. Gunderson et al[9-10] published a very noteworthy paper that investigated second-look surgery performed within 6 to 12 mo after resection of the primary tumor in 60 patients with pT4 tumors or positive lymph nodes; relaparotomy yielded positive findings positive in 42% of asymptomatic patients.  
All these studies placed particular interest in the morbidity and mortality rates associated with reoperation and the increased survival rates for patients whose relapse was diagnosed at an early stage. However, despite treating relapse before it was symptomatic or radiographically detectable, the suboptimal treatment offered to these patients meant recurrence was the norm.
Appreciation of the need for quality cancer surgery changed the techniques used in colorectal resection forever: total mesorectal excision and mesocolic excision were introduced and their impact on survival was quantified[11]. These techniques were universalized, as were resections with safety margins and extensive lymphadenectomies. However, local relapse, and especially recurrence in the form of peritoneal carcinomatosis, emerged as an issue pending resolution in the treatment of colorectal cancer.

LOOKING FOR HIGH RISK PATIENTS: EVIDENCE FROM CLINICAL TRIALS
The titanic work of Honoré et al[12] defined patients at risk of developing peritoneal carcinomatosis and classified those with small peritoneal nodules present in the first surgery (70% probability of developing PC), ovarian metastases (60%), or perforated tumor onset or intraoperative tumor rupture (50%) as being high risk. Positive cytology (pre- or post-surgical resection), the imprint of a positive tumor and T3-T4 mucinous tumors have a risk of 30 to 40%.
According to Sugarbaker[17], the risk of recurrence is determined by the clinical and histopathological characteristics of the tumor, as shown in Table 1:
In fact, metachronous peritoneal carcinomatosis of colorectal origin is so predictable that Segelman developed an individualized prediction model to estimate each patient’s risk[13-14]. In her review the development of metachronous PC was associated independently with tumors located in the right colon (P < 0.002), emergency surgery (P < 0.001), non-R0 surgery (P < 0.001), pN2 with lymphadenectomy with less than 12 nodes examined (P < 0.001), and pT4 (P < 0.001).   http://www.imm.ki.se/biostatistics/calculators/pcrisk
Logically this led to the conclusion that second-look surgery for patients at risk of developing PC could provide a means of anticipating clinical or radiological relapse and treating carcinomatosis in its early stages, culminating in the remarkable work by Elias et al[15]. Their study comprised a prospective series from 1999 to 2009 in which second-look laparotomy was indicated for 47 patients considered at very high risk of developing carcinomatosis: 28 patients with minimal peritoneal nodules resected at the time of the first intervention, 8 patients with synchronous ovarian metastases and 11 patients who had a perforated tumor at onset. All patients underwent appropriate oncological surgery with extensive lymphadenectomy, negative margins and completed adjuvant therapy according to current standard-of-care regimens (FOLFOX or FOLFIRI). After systemic chemotherapy extension study was subsequently performed and those patients who had no clinical, biological or radiological signs of disease underwent (within 12 mo of the first intervention) second-look laparotomy, revealing macroscopic carcinomatosis in 49% of patients with an average PCI of 7. In a group of 24 macroscopic PC-free patients, 18 received HIPEC, of which only one (5.5%) presented peritoneal recurrence, while the other six did not, of which three (50%) suffered peritoneal relapse. Of all patients treated with HIPEC only 17% experienced a peritoneal relapse. This approach achieved a 5-year survival of 90% of the series with a disease-free survival at 5 years of 44%. These results underlined the tremendous impact of second-look surgery plus HIPEC in this group of asymptomatic patients and therefore emphasize the unavoidable responsibility of professionals treating colorectal cancer to be aware of each patient’s risk of recurrence and current early treatment and prevention options. It is important to note that all patients in the above study had firstly undergone oncological R0 colectomy with adequate lymphadenectomy and adjuvant therapy; so, despite establishing optimal surgical and chemotherapeutic treatment to prevent peritoneal relapse or treat it in its early stages, a strategy that includes regional intensification therapy is required for high risk patients, in other words HIPEC.
 Two approaches can be used to treat patients at risk of recurrence. One is the realization of second-look surgery plus HIPEC, unavoidable in patients at very high risk, i.e., with a positive resection margin, tumor perforation, ovarian metastases, or implants in the first intervention. For these patients the treatment sequence is oncological colorectal surgery, adjuvant therapy for 6 mo and, if the extension study is negative, second-look laparotomy with risk-reducing surgery and HIPEC. Another option to avoid delay of the second-look is to administer systemic chemotherapy for 3 mo, followed by a laparotomy and HIPEC, and then complete the remaining 3 mo of systemic chemotherapy. The selection criteria and second-look algorithm proposed by Sugarbaker in 2011 have become the worldwide reference[16]
The second approach for at-risk patients is considered to be ideal by many units of peritoneal surgery and is offered to all patients at risk of peritoneal relapse (1 to 12). It is performed simultaneously with resection of the primary tumor, risk-reducing surgery and prophylactic HIPEC (which is as well-known as upfront HIPEC), followed by 6 mo of systemic chemotherapy and regular follow-ups[17].
Accepted exclusion criteria[16] for the second-look approach are unresectable liver (more than 4 lesions) or lung metastases, over 75 years (although this varies between different units) or the presence of significant comorbidities (performance status > 2, renal failure with creatinine > 3, heart disease with FEV < 50%).
Sammartino et al[18] applied this proactive approach in 25 patients at risk of peritoneal recurrence (pT3/T4 and mucinous or signet-ring cell), performing risk-reducing surgery with prophylactic resection of organs with are frequently affected by carcinomatosis (omentectomy, removal of the round ligament, appendectomy and bilateral oophorectomy in postmenopausal patients) and HIPEC. The results were analyzed and compared with 50 controls (treated in another unit) and then re-analyzed 48 months after closing the study. Morbidity in both groups was comparable, but with a 4% incidence of carcinomatosis development in the HIPEC treated group vs 28% in the control group (P < 0.03) and a DFS (P < 0.05) and OS (P < 0.04) significantly higher in the group with prophylactic treatment.
In 2013 Tentes et al[19] published a prospective study comparing the adjuvant setting in patients with pT3 or pT4 colorectal cancer receiving systemic chemotherapy (40 patients) vs intraperitoneally by HIPEC with mitomycin (41 patients). There were no recurrences in the peritoneum in the group treated with HIPEC vs 3 cases of PC in the systemic chemotherapy group; the 5-year survival was 100% in the HIPEC group vs 72% in the conventional group without reaching statistical significance (P = 0.0938).
Phase III studies were initiated in light of these results in order to assess the impact of a second-look protocol or HIPEC performed at the time of surgery of the primary tumor to avoid cell implantation as a result of surgical trauma.
The PROMENADE trial in Rome led by Sammartino[20] randomizes patients with T3/T4 colorectal cancer into two arms, one for conventional surgery of the primary tumor followed by adjuvant systemic chemotherapy vs surgery of the primary tumor with risk-reducing surgery (omentectomy, appendectomy, removal of the round ligament and bilateral oophorectomy in postmenopausal patients) and HIPEC followed by adjuvant therapy.
Also for high-risk patients with pT4 or perforated tumors, the Dutch trial COLOPEC[21] randomizes these patients to receive treatment with conventional surgery followed by systemic adjuvant therapy vs surgery of the primary tumor and administration of HIPEC (intraperitoneal oxaliplatin and intravenous 5-FU) during the intervention or within 5 to 8 wk after the intervention. At 18 mo, an exploratory laparoscopy will be performed in all patients. This study presents a strategy that combines the advantages of prophylactic HIPEC with second-look laparoscopy to detect relapse; a promising strategy that may be useful in very high risk patients or help to detect treatment resistance. The French RENAPE group is finishing a prospective study (COELIOCHIP) which compares the performance of a laparoscopic approach against that of a laparotomic approach: all patients receiving second-look surgery will undergo a careful initial exploration by laparoscopy followed by the usual laparotomy.
    Also, for radiologically identified T4, the HIPEC-T4 study in Spain will evaluate the impact of prophylactic HIPEC with mitomycin at the time of first intervention. 
The ProphyloCHIP NCT01226394 Phase III trial led by Elias seeks to analyze the impact of second-look laparotomy with HIPEC (intraperitoneal oxaliplatin and intravenous 5-FU) in 150 patients with a very high risk of peritoneal relapse (ovarian metastases, perforated tumors or small number of implants resected with the primary tumor) within 12 mo after the first intervention and with negative extension tests vs conventional follow-up, both groups receiving systemic adjuvant therapy. They have finished recruiting and collecting data; analysis will be completed in June 2019.

CONCLUSION
While awaiting the results of these Phase III trials, the evidence from studies published to date impels us to acknowledge the existence of groups at risk of developing carcinomatosis among our patients with colorectal cancer. We must also be very conscious of the potential benefits of cytoreductive surgery plus HIPEC in patients with a very low PCI where the chances of cure or preventing any future relapses are maximized.
So the aim is to treat patients with the lowest possible PCI, ideally between 1 and 5, but these early stages are beyond the sensitivity of current clinical, biological and imaging techniques. Therefore these patients must receive this treatment before any detectable signs of relapse manifest. Thus prophylactic HIPEC at the time of the first intervention or second-look laparotomy with HIPEC during or after a course of adjuvant systemic chemotherapy are the means available to achieve this goal. The most common approach is second-look laparotomy because most colorectal cancer interventions are performed in centers where HIPEC is unavailable and high-risk patients are referred to specialized units for assessment.
For patients at risk of peritoneal relapse, optimal surgical treatment at the first intervention followed by systemic chemotherapy is not enough to prevent or provide early treatment of peritoneal metastases. Therefore a strategy including a regional intensification treatment is required, i.e., up-front HIPEC or second-look surgery plus HIPEC. This approach achieves a decrease in peritoneal relapse from 50%–70% to 6%–17% in high-risk patients and from 30–40% down to 0–4% in other at-risk patients. We can therefore conclude that this course of action will save many lives by preventing the development of peritoneal carcinomatosis or enabling successful treatment of carcinomatosis before it is clinically or radiologically detectable while yielding the maximum benefit from cytoreductive surgery and HIPEC.
Patients have the right to know their risk of developing PC and the possibilities of prevention and early treatment currently available.
If we want to offer our patients the best treatment, we must be aware that second-look surgery with HIPEC, prophylactic HIPEC or both have become essential weapons in the management of colorectal cancer.
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Table 1 Risk of recurrence in function of clinical and histopathological characteristics of tumors

	[bookmark: _GoBack]Clinical characteristic
	Estimated incidence of peritoneal metastases observed in follow-up

	1. Peritoneal nodules detected during primary cancer resection
	70%

	2. Ovarian metastases
	60%

	3. Perforation through the primary cancer 
	50%

	4. Adjacent organ or structure invasion
	20%

	5. Signet-ring histology
	20%

	6. Fistula formation
	20%

	7. Obstruction of primary cancer
	20%

	Histopathological characteristic
	

	8. Positive resection margin
	80%

	9. Positive cytology before or after resection
	40%

	10. Positive imprint cytology
	40%

	11. Positive lymph nodes at or near resection margin
	20%

	12. T3/T4 mucinous cancer
	40%



