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Abstract
AIM: To assess a protocol for treating patients with multiple synchronous colonic cancer liver metastases, that are unresectable in one stage. 

METHODS: Patients enrolled in the “liver first” protocol presented with colon-only (not rectal) cancer and multiple synchronous hepatic metastases (types II or III). All patients showed good performance status (ECOG PS 0-1) and were treated with curative intent. Complete oncologic staging including PET-CT was performed in order to rule out extrahepatic disease. If bowel obstruction was imminent, an intraluminal colonic stent was placed endoscopically. Subsequently, all patients received standardised neo-adjuvant chemotherapy, that is, FOLFOX or XELOX regimens combined with an antiangiogenic agent (bevacizumab or cetuximab). Provided that a response to chemotherapy was observed, patients underwent either one or two hepatectomies with or without portal vein embolization followed by the indicated colectomy. Further chemotherapy was administered after each procedure. Re-staging was performed after each chemotherapeutic treatment. Disease progression at any stage resulted in discontinuation of the protocol and conversion to palliative disease management.

RESULTS: Prospectively recorded data from 11 consecutive patients (8 men) were analysed for this study. Their mean age at the time of their first assessment was 65.7 (SD ± 15.3) years. Six (54.6%) patients presented with type III metastatic disease. The minimum and maximum follow-up periods were 7.3 and 39.6 mo, respectively. The mean overall survival of all patients was 16.5 (95%CI: 10.0-23.2) mo. A colonic stent had to be placed in 5 (45.5%) patients due to the onset of an intraluminal obstruction. Four (36.4%) patients succeeded in completing all planned surgical operations. Their mean overall survival was 27.2 (95%CI: 15.1-39.3) mo and the mean disease-free survival was 7.7 (95%CI: 3.0-12.5) mo. Patients who were obliged to shift to palliative treatment due to disease progression, had a mean overall survival of 10.5 (95%CI: 8.6-12.4) mo. None of them had to undergo palliative colectomy. No postoperative mortality was recorded.

CONCLUSION: The implementation of a structured “liver first” approach protocol for the treatment of patients with extensive, liver-limited colon cancer metastatic disease may be beneficial.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Complete tumour burden resection remains the only possible curative therapy for liver-limited colon cancer metastatic disease. However, there are different approaches regarding the treatment of the primary tumour and its hepatic metastases, if the latter are synchronous and unresectable with one surgical procedure. For this subgroup of patients, a “liver first” approach protocol is introduced in order to assess standardised treatment as well as to prevent overtreatment in cases of undetected extra-hepatic metastatic dissemination or disease progression.
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INTRODUCTION
Approximately every second patient who suffers from colorectal cancer (CRC) will at some point be diagnosed with either synchronous or metachronous metastatic disease[1,2]. Liver is the most frequently affected organ. Resection of the complete tumour load has long been accepted as the only therapeutic option that results in improved long term survival or even cure[3]. During the past decade a significant prolongation of overall survival and an increase of survival rates has been reported. This development is based on the improvement of systemic chemotherapy and introduction of antiangiogenic agents but also on the utilisation of advanced surgical strategies and equipment[4-6]. 
Whereas in metachronous resectable disease, timing of necessary operative procedures seems obvious, various approaches are currently being implemented if resectable (or potentially resectable) hepatic metastases, with no evidence of extrahepatic disease, are detected at the time of the primary tumour diagnosis[7]. The “classic” approach consists in targeting the primary tumour first, followed by chemotherapy and resection of the hepatic metastases[8]. This strategy remains essential, if the diagnosis of the disease coincides with an existing acute lower gastrointestinal bleeding or significant bowel obstruction. The “simultaneous” approach includes the resection of the primary tumour as well as any hepatic metastases in one stage. This option is often preferred, especially in experienced centres, when a minor hepatectomy is sufficient in clearing the existing tumour load[9]. Finally, the “reverse” strategy has been introduced in recent years[10,11]. In this approach, liver specific procedures such as portal vein embolization and hepatectomies come first, followed by colectomy. All operative procedures take place either after chemotherapy alone or after combination with radiotherapy, when the diagnosis is rectal cancer. The rationale behind this strategy is that patients with multiple hepatic metastases are more likely to become incurable by not timely confronting the extensive liver metastatic disease. 
Important criteria for choosing the appropriate therapeutic plan are patient’s performance status, primary tumour location, disease extent, available diagnostic and therapeutic tools and methods, as well as the centre’s medical and surgical team experience. Due to the complexity of the disease, patient population is heterogenic. In addition, conclusions regarding best possible management are based on retrospective series of patients suffering from CRC and liver metastases[12]. Therefore, treatment of those patients is routinely based on patient and centre specific (“individually tailored”) approaches rather than generally accepted guidelines.
For this study, a certain subgroup of CRC patients was defined, that is, patients who have been diagnosed with stage IV colonic (not rectal) cancer and presented with multiple, bilobar, synchronous, liver-only metastases, that were either potentially resectable after more than one procedure (type II) or initially unresectable but possibly resectable after tumour downsizing (type III)[13,14]. Those patients were enrolled in a prospective “liver first” approach protocol which included staging, certain oncologic therapy and surgical therapeutic steps. The aim of the study was to assess the implementation of this algorithm, especially in terms of applicability and safety.

MATERIALS AND METHODS
Ethics
This study was conducted in a tertiary care private hospital according to the guidelines of the Declaration of Helsinki of the World Medical Association[15]. The hospital’s ethics committee approved the study protocol. Written informed consent was obtained from all patients. Their enrolment was discussed during and approved by the hospital’s weekly tumour board. All patients were treated with curative intent.

Definitions
Nomenclature regarding the extend of hepatic resections is that endorsed by the International Hepato-Pancreato-Biliary Association[16]. Decision on resectability was taken by the hepato-pancreato-biliary surgeons of our centre based on the recommendations made on the Consensus Conferences on the Multidisciplinary Treatment of Colorectal Cancer Metastases[17,18]. Postoperative complications are reported according to the Dindo–Clavien classification[19].

Patients
Inclusion criteria for patients enrolled in the “liver first” protocol included the diagnosis of colon-only (not rectal) cancer and synchronous, multiple, bilobar, liver metastases (type II or III), the age of ≥ 18 years, no previous disease-specific therapeutic management and an Eastern Cooperative Oncology Group (ECOG) performance status grades 0 or 1. Patients who were diagnosed with extrahepatic disease were excluded.

Study protocol
The protocol was performed within the scope of an intent-to-treat study. Initially, a complete oncologic staging, that is clinical examination, blood tests, liver function tests, tumour marker determination, coloscopy, primary tumour histology, abdominal and thoracic cross-sectional imaging, positron emission tomography combined with computed tomography (PET-CT), was performed. In case of an imminent bowel obstruction, an intraluminal colonic stent was placed by endoscopy (Figure 1). Then, all patients received standardised neo-adjuvant chemotherapy including an antiangiogenic agent. In case of post-chemotherapy disease response, patients underwent either portal vein embolization, in order to achieve an increase of the future liver remnant, or / and one or two hepatectomies. If indicated, radio frequency ablation (RFA) or microwave ablation (MWA) was performed intraoperatively. In between, (sandwich) chemotherapy was administered. This particular protocol phase was called “liver molding”. If the disease remained stable, a PET-CT scan was performed in order to assess neoplasm’s response to chemotherapy. Following the “liver molding” phase, chemotherapy and re-staging was repeated. Only in case of absence of extrahepatic disease at this stage, patients underwent the indicated colectomy. Adjuvant chemotherapy regimens were administered. On the other hand, disease progression at any stage of the protocol resulted in its discontinuation and conversion to palliative disease management.

Chemotherapy
First line chemotherapy comprised of 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX4), or capecitabine and oxaliplatin (XELOX) combined with a vascular endothelial growth factor (VEGF) inhibitor (bevacizumab). In second line chemotherapy, oxaliplatin was replaced by irinotecan and / or bevacizumab was replaced by an epidermal growth factor receptor (EGFR) inhibitor (panitumumab), the latter if patients had non-mutated disease (KRAS wild-type).

Statistical analysis
Continuous and categorical variables were recorded and analysed with descriptive statistics. Survival analysis was performed by the use of Kaplan-Meier curves. Statistical analysis was performed by means of the IBM SPSS Statistics Package, version 19.9 (SPSS Inc., Chicago, IL, United States).

RESULTS

For this study, prospectively collected data were analysed. Between July, 2010 and October, 2011 eleven consecutive patients (eight men) who met the inclusion criteria were enrolled in the “liver first” protocol. Demographic and clinical characteristics at the time of their first assessment are displayed in Table 1. Patients’ mean age was 65.7 (SD ± 15.3) years. Seven patients (63.6%) presented with the primary tumour located in the sigmoid colon. Five patients (45.5%) presented with type II metastatic disease. Six patients (54.6%) presented with type III metastatic disease. The number of hepatic metastases ranged between seven and more than thirty, while their size ranged between 2 cm and 16 cm. A colonic stent was placed in five patients (45.5%) before the start of neo-adjuvant therapy due to an imminent intraluminal obstruction. Four patients (36.4%), all presenting with type II metastatic disease at the time of first assessment, completed all scheduled surgical procedures and correspondingly the entire protocol.  They underwent two or three operations (mean: 2.75), including the indicated colectomy as the last operative step. Pathology confirmed negative margins (R0) of all resected specimens. One out of five “type II” patients (20.0%) suffered disease progression before reaching the time point of the planned hepatectomy. In only one out of six “type III” patients (16.7%) the neoplasm was able to be converted into “type II” following neo-adjuvant chemotherapy. No palliative colectomy was necessary for the seven patients who had to be allocated to palliative therapy due to disease progression (Table 2).
The minimum and maximum follow-up periods were 7.3 mo and 39.6 mo, respectively. The mean overall survival of all patients was 16.5 (95%CI: 10.0-23.2) mo. Patients who were able to complete the “liver first” protocol had a mean disease-free survival of 7.7 (95%CI: 3.0-12.5) mo and a mean overall survival of 27.2 (95%CI: 15.1-39.3) mo. On the contrary, patients, who were obliged to shift to palliative treatment due to disease progression during the period of their enrolment did not became free of disease at any time point and had a mean overall survival of 10.5 (95%CI: 8.6-12.4) mo (Table 2).
Concerning severe complications associated with chemotherapy, one patient suffered from upper gastrointestinal bleeding after having been administered FOLFOX and bevacizumab regimen. Two severe postoperative complications (Grade III) were documented. One patient suffered an anastomotic site bleeding following sigmoidectomy, which was confirmed and treated by endoscopy and blood transfusions, and one patient suffered a bile leakage following hepatectomy, needing percutaneous drainage. Furthermore, no postoperative (90-d) mortality recorded.

DISCUSSION
Patients presenting with metastatic CRC represent a large but significantly heterogeneous population since distinctions can be made based on primary tumour location, extension of metastatic spread and diagnosis time point of metastases (synchronous vs metachronous). Currently, complete neoplasm resection is regarded as the only curative therapeutic option for those patients[20]. Despite broadening resectability criteria in recent years, only a selected group (20%-30%) will be candidates for curative resection[21]. Historically, the first step of implementing therapeutic treatment was to resect the primary colorectal tumour and subsequently target hepatic metastases (“classic” approach). Due to improvements in both chemotherapy and surgical techniques, simultaneous resection of primary and liver-limited secondary disease (“combined” approach) or the prioritised resection of liver metastases (“reverse” approach) are being performed in experienced centres[22,23].
For this study, we selected a patient cohort as homogenous as possible. To be more specific, we included patients with synchronous liver-only metastatic disease that was diagnosed at the same time with the primary tumour and was either resectable in more than one stages or potentially resectable after successful downsizing. We excluded patients with rectal cancer because of the “interference” of radiotherapy treatment phases with the specific protocol steps. We also excluded patients who had to be treated with the “classic” approach, for example patients with ileus secondary to complete bowel obstruction. In addition, patients who could be treated with the “combined” approach, for example due to the presence of a solitary liver metastasis, were also excluded. Finally, we excluded patients with potentially resectable extrahepatic neoplasm dissemination.
In theory, the proposed “liver first” protocol may take advantage of the fact that neo-adjuvant chemotherapy in CRC patients provides an assessment of tumour biology[24]. Its effectiveness influences future therapeutic strategies because it may downsize the existing tumour load, so that initially unresectable metastases may become resectable[25]. Adding biological agents reportedly increases oncologic response and resectability rate[26]. On the other hand, this approach helps to avoid unnecessary operative procedures, and thus potential complications and delay in chemotherapy administration in patients whose neoplasm’s biology is not favourable.
Upfront colectomy in the treatment of CRC with synchronous hepatic metastases in the context of curative or even palliative setting became controversial the last few years. Even though some authors conclude that upfront colectomy is beneficial in terms of overall survival, this standpoint has been challenged because the rate of primary-related complications seems low, even when using modern antiangiogenic therapy[27-30]. In our small cohort of patients, we did not encounter any primary-related complications. Whenever a bowel obstruction was imminent, a stent placement prevented acute surgery and enabled the protocol enrolment for every patient. In fact, one of five patients who received a colonic stent completed all planned operations and thus, the stent was resected with the colectomy specimen.
In spite of meticulous and repeated staging, three out of four patients (75.0%), who completed the “liver first” protocol and became disease-free, were finally diagnosed with recurrence (mean disease-free survival of 7.7 mo). This trend coincides with several large retrospective series[31,32]. A recent study suggests that pathologic characteristics of the primary colorectal tumour are more prognostic than relevant metastatic features[33].
A significant limitation of this study is the absence of a control group with matched diagnosis for comparing the “reverse” with the “classic” approach. Another important limitation is that the number of patients enrolled in the applied protocol is small. 
The main goal of this work was to examine the feasibility and safety of realising a prospective “liver first” approach protocol-to our knowledge, it is the first one-for patients with liver-limited metastatic colon cancer. It focuses on a specific subgroup, namely patients with synchronous, multiple, bilobar hepatic metastases that are resectable after several interventions or disease downsizing. Treatment for these patients is usually “individually tailored” since the criterion of metastatic load resectability and the availability of therapeutic options may differ significantly among medical teams. Even though the number of patients is low, a noticeable trend can be observed, that is, patients who showed disease progression during the various steps of this algorithm had a worse outcome than those patients who succeeded in completing the protocol and became disease free, even for a short period of time. Furthermore, patients with disease progression avoided at least one operation (colectomy) without developing primary-related complications that needed surgical intervention. 
In conclusion, the implementation of a structured “liver first” approach protocol for the treatment of patients with extensive, liver-limited colon cancer metastatic disease is feasible, safe, and may be beneficial. Application of such a protocol requires strict multidisciplinary decision-making process and therapeutic management.

COMMENTS
Background
Liver-limited colon cancer metastatic disease is a common entity in oncological and surgical practice. Complete tumour burden resection combined with systemic chemotherapy currently constitutes the only possible curative therapy. 
Research frontiers
No consensus has yet been reached concerning both the timing and the sequence of primary tumour and synchronous, multiple hepatic metastases resection in case this can’t be achieved in one stage (“simultaneous” approach). Depending on the patient’s clinical situation and the existing medical expertise, the primary tumour is either targeted upfront (“classic” approach) or subsequent to one or more liver resections (“reverse” or “liver first” approach).

Innovations and breakthroughs
For this subgroup of patients, a structured “liver first” approach protocol has been introduced and implemented in order to assess standardised treatment as well as to prevent overtreatment in cases of undetected extra-hepatic metastatic dissemination or disease progression.

Applications
This study suggests that, regarding the treatment of patients with multiple synchronous colonic cancer liver metastases, that are unresectable in one stage, the application of a “liver first” approach protocol, which is based on strict multidisciplinary decision-making process and therapeutic management is feasible, safe, and potentially beneficial.

Terminology
A synchronous colorectal cancer metastasis is usually defined as metastatic neoplasmatic tissue that is detected either concurrently with the diagnosis of the primary tumour or three to twelve months after the diagnosis. With respect to the described treatment protocol, a synchronous colorectal cancer metastasis was defined as metastatic neoplasmatic tissue that was diagnosed at the same time as the primary tumour. In contrast, metachronous metastases were identified at a later stage.

Peer review
The present manuscript deals with a novel and very interesting approach protocol to treat patients with colon cancer and hepatic metastasis. 
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[image: Εικόνα1.png]Figure 1 Algorithm of the “liver first” protocol. PET-CT: Positron emission tomography–computed tomography; PVE: Portal vein embolization; RFA: Radiofrequency ablation; MWA: Microwave ablation.

Table 1 Patients’ first assessment demographic and clinical characteristics
	Patient
	Gender
	Age (yr)
	Primary colonic
tumour location
	Metastatic type
(liver-limited)
	Colonic obstruction > stent placement

	1
	male
	67
	sigmoid
	II
	-

	2
	male
	75
	sigmoid
	II
	-

	3
	female
	37
	sigmoid
	III
	-

	4
	male
	79
	sigmoid
	III
	✔

	5
	male
	79
	descending
	III
	✔

	6
	male
	40
	sigmoid
	II
	✔

	7
	female
	75
	sigmoid
	II
	-

	8
	male
	59
	descending
	III
	-

	9
	female
	78
	descending
	III
	✔

	10
	male
	59
	sigmoid
	III
	✔

	11
	male
	75
	ascending
	II
	-



Table 2 Patients’ operative treatment and oncologic characteristics 
	Patient
	Metastatic type
(liver-limited)
	Hepatectomy 1
	Hepatectomy 2
	Colectomy
	Disease-free
	Overall

	
	
	
	
	
	Survival period (mo)

	1
	II
	RE and wedge and RFA-MWA
	-
	✔
	8.23
	39.57

	2
	II
	Right
	Left lateral and RFA-MWA
	✔
	2.20
	14.17

	3
	III
	-
	-
	-
	-
	13.97

	4
	III
	-
	-
	-
	-
	7.33

	5
	III
	-
	-
	-
	-
	13.37

	6
	II
	Laparoscopic left lateral
	Right
	✔
	15.27
	39.17

	7
	II
	Left lateral
	Right
	✔
	5.27
	15.57

	8
	III
	-
	-
	-
	-
	9.43

	9
	III
	Laparoscopic left lateral
	-
	-
	-
	7.80

	10
	III
	-
	-
	-
	-
	11.50

	11
	II
	-
	-
	-
	-
	10.10


RE: Right extended; RFA: Radiofrequency ablation; MWA: Microwave ablation.
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