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Major hepatectomy decreased tumor growth in an experimental model of bilobar liver metastasis
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Introduction

Liver resection remains the only potentially curative treatment for colorectal liver metastases (CLM). Many patients presenting with CLM suffer from advanced hepatic tumor load, which requires extended liver resection. Only 20% of patients with CLM are resectable at the time of diagnosis. [START_REF] Simmonds | Surgical resection of hepatic metastases from colorectal cancer: a systematic review of published studies[END_REF] The resectability of CLM is defined by 2 criteria (2): adequate vascular inflow/out flow and biliary drainage; sufficient future liver remnant volume.

Despite improvement in systemic chemotherapy and refinements in perioperative patient care and surgical techniques, management of bilobar CLM remains an important challenge.

Two-stage hepatectomy (TSH) consists of an initial partial hepatectomy for resection of tumors in the contralateral liver, portal vein occlusion (PVO) followed by a waiting period to allow hypertrophy of the future liver remnant (FLR) followed by major hepatectomy.

The main limitation of TSH is the risk of drop-out due to tumoral progression after first stage with 25 to 35% of patients who do not complete the treatment strategy. [START_REF] Imai | Failure to Achieve a 2-Stage Hepatectomy for Colorectal Liver Metastases: How to Prevent It?[END_REF][START_REF] Passot | Predictors of Safety and Efficacy of 2-Stage Hepatectomy for Bilateral Colorectal Liver Metastases[END_REF][START_REF] Alvarez | Natural history of portal vein embolization before liver resection: a 23-year analysis of intentiontotreat results[END_REF] Indeed, liver hypertrophy after the first stage induced by PVO could facilitate neoplastic proliferation and progression. [START_REF] Kokudo | Proliferative activity of intrahepatic colorectal metastases after preoperative hemihepatic portal vein embolization[END_REF][START_REF] Hoekstra | Enhanced tumor growth after portal vein embolization in a rabbit tumor model[END_REF] Several methods have been explored to explain how liver regeneration could facilitate or contribute to tumor growth and proliferation (up-regulation of growth factors and cytokines, interruption of portal blood flow associated with redistribution of hepatic arterial flow, and angiogenesis). [START_REF] Lim | Tumour progression and liver regeneration--insights from animal models[END_REF] According to the rodent model used, with regard to the heterogeneity in the design of animal models as well as the different timing of hepatectomy or PVO or after administration of different tumor cells, the real impact of liver regeneration on tumor growth remains controversial.

Using an unpreviously published model of syngenic colorectal bilobar liver metastases we aimed to study the impact of major hepatectomy on tumor growth by objective radiological measures compared to PVO and minor hepatectomy.

Materials and Methods

Ethical Approval

Animal experiments were performed in accordance with the U.S. National Institutes of Health guidelines, the European Communities Council Directives (86/609/EEC), and the French National legislation. Moreover, the investigation also conforms to Directive 2010/63/EU of the European Parliament.

Animals

The experiments were performed on male BDIX rats weighing 180-220 g (Charles River, France). The animals were maintained in a temperature-controlled environment with 12-h light-dark cycle, free access to standard chow pellets and tap water ad libitum.

All procedures were performed in compliance with institutional animal care guidelines.

Cell lines and culture DHD/K12 cells were cultured in Dulbecco's modified Eagle medium (D-MEM), Glutamax.

All media were supplemented with 10% fetal calf serum (FCS, PAA Laboratories, Les Moreaux, France), penicillin (200 000 U/ml) and streptomycin (100 microg/ml) (P/S GIBCO, Invitrogen). Culture was done in 150-cm² Falcon flasks at 37°C and 5% CO2, in a humidified incubator. When cells reached 80% confluence the medium was discarded and the cells were washed three times with Dulbecco's phosphate-buffered saline (D-PBS, GIBCO, Invitrogen) before incubation with 4 ml of trypsin-EDTA (Trypsin 0.05% and EDTA 0.2 g/l, GIBCO, Invitrogen) at 37°C for 5 min. Cells were then harvested, centrifuged, counted and resuspended in D-PBS for introduction in the experimental animals.

Surgical procedures

Surgery was performed under isoflurane inhalation anesthesia. Buprenorphin (0.1 mg/kg body weight) was administered subcutaneously during anesthesia prior to operation with analgesia repeated 8 to 12 hours later. Animals were placed in a supine position on a heating pad and body temperature was maintained at 37°C. All operative procedures were performed through a midline laparotomy closed with a single running suture.

Before incision, the abdomen was sterilized with iodine and alcohol swabs. After the surgical procedure, the rats were maintained for 30 min under a heating lamp.

Tumors model -surgical model of bilobar CLM (Figure 1) Bilobar macroscopic syngenic metastasis were induced by injection of DHD/K12 cells suspended in 0.2ml of D-PBS into the main portal vein after clamping just after the origin of the portal pedicle of the caudate lobe and the posterior lobe (Figure 1A, 1B) to induce multiple micromestastasis selectively in these lobes. 1.5 millions of cells were injected slowly using a 28G needle. Hemostasis was obtained by portal vein plugging with a cotton stem. 1 millions of cells were injected beneath the liver capsule of the left liver lobe to induce a macroscopic unique metastasis. (Figure 1C). Figure 1D schematically represents the model used of bilobar liver metastases.

Surgical procedures

All 48 animals were reoperated at day 7 following the implantation of tumor cells then animals were distributed into 4 groups of equal number, according to surgical procedure: Right portal vein ligation (PVL, n=12), sham laparotomy (sham, n=12) or two types of hepatectomy: minor hepatectomy (30%Phx, n=12) or major hepatectomy (70%Phx, n=12). A selective portal vein occlusion of the median and left lateral lobes (corresponding to 70% of the total liver volume) was performed as previously described.

(9) The portal flow was consequently redistributed to the caudate and posterior lobe.

Minor hepatectomy was performed with 30%PHx including resection of the left lateral lobe. Major hepatectomy was performed with 70%PHx including resection of the right medial, the left medial and the left lateral lobe. As for the other groups, vascular or biliovascular ligation was performed with 6.0 nylon suture. Both minor and major hepatectomy removed the subcapsular metastasis.

MRI and measurement of tumor growth MRI (magnetic resonance imaging) was used to monitor the growth of liver metastases and to quantify overall tumor burden at 3 different times following tumor cell implantation (postoperative day 10 (POD10), POD17 and POD24). (Figure 2) The rats were weighed and then anesthetized with an intraperitoneal injection of thiopental (90 mg. kg-1). Then, they were transferred onto a cradle and placed in prone position during the procedure.

Acquisition was performed with a very high magnetic field system dedicated to small animals (Bruker BioSpec 47/40USR , 4.7 Tesla, Ettlingen, Germany).

We used a T2-weighted (T2w) Rapid Acquisition with Relaxation Enhancement (RARE) sequence with and without fat suppression; TR 4700 ms, TE 27 ms, matrix 224x196, 54 slices 0.7 mm, NEX 6, flip angle 180°, field of view (FOV) 5 cm, rare factor 8, imaging time: 11'17'' minutes; and a T1w Fast Slow Angle Shot (FLASH) sequence; TR 398 ms, TE 2.3 ms, matrix 212x180, 54 slices 0.7 mm, NEX 20, flip angle 80°, FOV 5 cm; imaging time: 12'. Integrated correction of respiratory movements was performed with the Intragate technique. The volumetric analysis was performed using dedicated volume analysis software (Myrian; Intrasense, Paris, France). Whole liver and tumor margins were manually outlined on each slice of T2w sequences, taking advantage of the high natural contrast between liver (containing iron with high T2 relaxivity and CRC metastases with slower T2 relaxation).

All volumetric analyses were performed in a blinded fashion with respect to the experimental groups. Tumor growth was measured by comparing tumor volume at POD17 and POD24 to that at POD10. Tumor volumes of interest correspond to micrometastasis of the caudate and posterior lobes.

Pathological analysis

Necropsy and liver harvesting was performed immediately after sacrifice. The liver tissue was fixed in 10% formaldehyde, embedded, sectioned, stained with haematoxylineosin-saffran. For each animal, an H&E slide from the same paraffin block was used for morphology observation. Nuclear staining of any intensity was defined as Ki67 positive.

The Ki-67 labeling index was visually scored for the percentage of nuclei positive tumor cells among all tumor cells in invasive tumor area. The whole slide was scanned under low-power microscopy first. At least three high-power (x40 objective) fields should be selected to represent the spectrum of staining seen on initial overview of the whole slide.

The pathologists selected at least three independent areas including hot spots in an overall average assessment across the section. If the staining was homogenous, at least three randomly highpower fields were scored. All slides were visually estimated, and proportions of positive cells were scored at 10% intervals.

All histological analyses were performed in a blinded fashion with respect to the experimental groups.

Image analysis and statistics

Results were expressed as mean ± standard error of the mean (SEM). Differences between groups were evaluated with the unpaired Student's t test. Analysis of variance (ANOVA) was used to determine statistical differences. Overall statistical significance was set at p-value < 0.05. Statistical analysis was performed using the software package SigmaStat (SPSS Inc., Chicago). 

Results

Metastastic tumor engraftment and general health condition

At day 7 following the implantation of tumor cells, all animals showed microscopic foci of tumor in the caudate lobe and/or in the posterior lobe. A solitary tumor in the left liver lobe could also be observed for all animals (subcapsular tumor). (Figure 3) There were no signs of extrahepatic disease. Animals were not affected by the tumor, showing normal feeding and cleaning habits. Weight gain during the study period did not differ between groups.

Of the 48 operated animals, tumor volume could be analyzed at POD10 for 45, POD17 for 43 and at POD24 for 43 animals. Data were missing in 4 animals due to major injury of the portal vein during tumor cell injection (n=1), major perihepatic adhesions limiting the feasibility of liver resection (n=2) and portal vein ligation (n=1). These 4 animals were excluded from further analysis. In addition, 2 animals died during anesthesia for the second MRI. The overall feasibility of the model was 87.5%.

Tumour volumes -MRI (Table 1)

At POD10, micrometastatic tumor volumes were homogeneously distributed among the 4 groups. The mean volume (cm3) at POD10 was 0.109 ± 0.028. None of the rats were free from visible tumoral involvement, on the first MRI evaluation at POD10. At POD17, the mean tumor volumes (cm3) were 0.9 ± 0.16, 0.67±0.13, 0.7 ± 0.12, 0.63± 0.14 respectively in the PVL, sham, 30%PHx, 70%PHx groups. The mean tumor volume was significantly greater in the PVL group, representing a 1.34, 1.28 and 1.42-fold increase in tumor burden, compared to the sham (p=0.003), 30%PHx (p=0.006) and 70%PHx groups (p=0.001).

At POD24, the mean tumor volumes (cm3) were 3.2 ± 0.62, 2.41±0.74, 2.32 ± 0.59, 1.78± 0.38 respectively in the PVL, sham, 30%PHx, 70%PHx groups. The mean tumor volume (cm3) remained significantly greater in the PVL group, representing a 1.32, 1.38, 1.8-fold increase in tumor burden, compared to the sham (p=0.019), 30%PHx (p=0.003) and 70%PHx groups (p<0.001). In addition, the mean tumor volume was significantly lower in the 70%PHx group compared to the other groups: portal ligation (p<0.001), sham (p=0.024), and 30%PHx (p=0.019) groups, representing a 1.79, 1.35 and 1.30-fold increase in tumor burden, respectively.

After both 30%Phx and sham, tumor volumes at POD17 and POD24 were not significantly different.

Tumour growth rates -MRI (Table 1, Figure 4 and5)

Between POD10 and POD17, the effective tumor growth was 0.79±0.15, 0.56±0.13, 0.59±0.12 and 0.52±0.14 cm3 respectively in the PVL, sham, 30%PHx and 70%PHx groups. The progression in size of tumor as reported above, was significantly greater in the PVL group compared to the sham (p=0.002), 30%PHx (p=0.009) and 70%PHx groups (p=0.001). This high tumor burden in the PVL group could be expressed using tumor growth rate between POD10 and POD17, corresponding to an increase in tumor volume of 725± 107%. This tumor progression was significantly greater than for other groups (Sham 518±117% (0.001); 30%PHx 548±118% (p=0.002); 70%PHx 472±127 (p<0.001)).

Although tumor growth and tumor growth rate were lower in the 70%PHx group compared to sham and 30%PHx, this difference did not reach significance (p=0.052).

Between POD10 and POD24 the effective tumor growth was 3.09±0.62, 2.3±0.74, 2.21±0.58 and 1.67±0.38 cm3 respectively in the PVL, sham, 30%PHx and 70%PHx groups. The progression in size as reported above, was significantly greater in the PVL group compared to the sham (p=0.019), 30%PHx (p=0.003) and 70%PHx groups (p<0.001).

This high tumor burden in the PVL group, expressed using tumor growth rate between POD10 and POD24, corresponded to an increase in tumor volume of 2839± 502%. This tumor progression was significantly greater in the PVL group than in other groups (2212±618% (Sham, p=0.01); 2039±562% (30%PHx, p=0.003); 1516±377 (70%PHx, p<0.001)).

Of note, tumor growth and tumor growth rate were lower in the 70%PHx group compared to sham and 30%PHx. (Table 1)

After both 30%Phx and sham, tumor growth rates were not significantly different.

Histologic assessment of tumor growth

No difference was found in the mean proliferation rate of tumor cells analyzed via Ki-67 immunohistochemistry at 30 days after surgical procedures. Cell proliferation was determined to be non-significantly higher in liver metastases following PVL (58.6 ± 8.2%) when compared to other groups. (70%PHx%, 55.2 ±6%; 30%PHx%, 54.7 ± 4.5%; sham, 56.5 ± 7.2%).

Liver regeneration

Hepatic regeneration was evaluated for the 70%PHx%, and PVL groups. The volumes of livers of interest were the volumes of the caudate and posterior lobes (Liver remaining after major hepatectomy and residual liver with portal flow after PVL). Before the surgical procedure (Day 5), the average volume of interest was 3.62 ± 0.29 cm3 in the 70%PHx% group and 3.73 ± 0.21cm3 in the PVL group (p=0.939). On day 10, liver volumes after regeneration were not different (8.7 ± 0.83 vs 8.1 ± 1,07cm3, p=0.234), and the percentages of regeneration compared to the initial volume (preoperative volume x 100 / volume J7) were 237 ± 19,6% and 220 ± 25,3% respectively (p=0.149).

Discussion

We have demonstrated in a reproducible rat model of bilobar CLM, that contrary to portal vein occlusion, major hepatectomy decreased the growth of macroscopic CLM in the remnant liver as compared to laparotomy and minor hepatectomy. These results highlight the need to reevaluate the usual sequence of 2-stage hepatectomy and justify the exploration of alternative strategies avoiding portal vein embolization and limiting the risk of tumor progression between the two stages.

As others (8), we consider that without a reproducible model with a homogeneous number of implanted foci in the remnant liver between groups, results should be interpreted with caution with regard to methodological bias. In the present study, using an immunocompetent rodent with established multiple bilobar CLM at the time of hepatectomy or PVO, we developed a reproducible model of liver metastasis. This orthotopic model of bilobar CLM has the advantage of mimicking as closely as possible the clinical reality faced by surgeons [START_REF] Lim | Tumour progression and liver regeneration--insights from animal models[END_REF].

Contrary to many studies using a rodent model with orthotopic CLM, in our model, whatever the procedure used (70%PHx , 30%PHx, PVL, sham), the same number of liver metastases was left in place at the end of the surgical procedure. In other words all 4 groups were comparable in terms of tumor load.

By clamping a hepatic vascular territory (Figure 1), the spread of metastases is exclusive to the caudate lobe and the posterior lobe to induce multiple metastases selectively in these lobes, which will be left in place after hepatectomy (whatever the procedure) or PVO.

The contralateral implantation of a single metastasis was based on the principle of obtaining this bilobal model, and during the hepatectomy procedure, only this single metastasis is homogeneously removed for major and minor hepatectomy procedures, and in the portal ligature group this tumor volume is excluded from the analysis. The comparison of tumor growth from the same tumor volume regardless of the group was the very principle of the originality of our model.

We respected the delay of at least 5 days between inoculation of metastases and surgical procedure. This was done consensually to obtain established liver tumors [START_REF] Castillo | Hepatectomy prolongs survival of mice with induced liver metastases[END_REF][START_REF] Heinrich | Portal vein ligation and partial hepatectomy differentially influence growth of intrahepatic metastasis and liver regeneration in mice[END_REF][START_REF] Yokoyama | Major hepatic resection may suppress the growth of tumours remaining in the residual liver[END_REF]. Although the model developed is close to the bilobar situation in humans, the first surgical stage did not associate minor hepatectomy with portal ligation, as in the early stages of TSH. Each surgical procedure was done in isolation, with 4 study groups.

One of the limits of this model was the technical difficulty of performing selective injection of tumor cells with portal pedicle clamping. The overall feasibility of the model was 87.5%. Indeed, data from 6 of the 48 animals could not be analyzed due to mortality or surgical complications. Our results confirm the interest of using MRI for studying the kinetics of tumor growth [START_REF] Lavilla-Alonso | Optimized mouse model for the imaging of tumor metastasis upon experimental therapy[END_REF]. MRI allowed effective in vivo monitoring of tumor growth which allowed repeated measurements of the same animal which is not possible with invasive methods. In that sense, we reduced the total number of animals sacrificed in the study.

Because of longitudinal MRI monitoring, no tissue or blood material was collected.

Therefore, no early histological analysis was performed. The absence of difference in terms of tumor proliferation on the histological scale may be related to the delay of the analysis, performed after sacrifice, at postoperative day 30.

All the animals were sacrificed at the end of the study, making it impossible to perform survival analysis, according to the treatment groups.

The major finding of the present study was that intrahepatic growth was lower after major hepatectomy than after both PVO and minor hepatectomy at 17 and 24 days.

With respect to these criteria, in accordance with our results, Heinrich et al. [START_REF] Heinrich | Portal vein ligation and partial hepatectomy differentially influence growth of intrahepatic metastasis and liver regeneration in mice[END_REF] demonstrated that tumor growth after major hepatectomy decreased significantly. With regard to delayed liver regeneration after hepatectomy in a setting of established liver metastases, the authors hypothesized that TGF beta secreted by tumor cells might have an antiproliferative effect on hepatocytes. Consistent observations were made by Fuwii et al. [START_REF] Fuwii | Effect of follistatin on rat liver regeneration and tumor growth after portal occlusion[END_REF], who evoked a difference in mechanism of liver regeneration between PVO and partial hepatectomy especially according to the activin-follistatin regulation system (TGF beta supergene family). Compared to Heinrich et al. [START_REF] Heinrich | Portal vein ligation and partial hepatectomy differentially influence growth of intrahepatic metastasis and liver regeneration in mice[END_REF], in our model, portal tumoral injection did not imply systematic splenectomy, whose influence on tumor implantation and hepatic regeneration has never really been evaluated. Using an intrahepatic tumor implantation model, Yokoyama et al, were the first to report that major hepatic resection significantly suppressed tumor outgrowth as a consequence of increased induction of apoptosis in the established intrahepatic tumors, as a result of overexpression of TGFbeta1 in a setting of liver regeneration.

Conversely, tumor volumes were significantly increased after minor hepatectomy [START_REF] Yokoyama | Major hepatic resection may suppress the growth of tumours remaining in the residual liver[END_REF].

Major hepatectomy after portal vein embolization (PVE) gained acceptance in the 90's [START_REF] Azoulay | Percutaneous portal vein embolization increases the feasibility and safety of major liver resection for hepatocellular carcinoma in injured liver[END_REF][START_REF] Azoulay | Resection of nonresectable liver metastases from colorectal cancer after percutaneous portal vein embolization[END_REF][START_REF] De Baere | Preoperative portal vein embolization for extension of hepatectomy indications[END_REF][START_REF] Kawasaki | Resection for multiple metastatic liver tumors after portal embolization[END_REF] allowing curative resection for patients with insufficient remnant liver. This onestage hepatectomy procedure after PVE became one of the main strategies used in patients with initially unresectable liver metastases related to insufficient remnant liver. Jaeck et al. first reported the combination of PVE with TSH in order to increase the number of patients who could benefit from curative resection. Indeed, this strategy was particularly helpful in patients with multiple bilobar liver metastases [START_REF] Jaeck | One or two-stage hepatectomy combined with portal vein embolization for initially nonresectable colorectal liver metastases[END_REF].

However, there may be potential side effects to PVE in patients with bilobar multiple liver metastases, as more rapid growth of metastastic nodules in the future remnant liver than in non-tumoral liver parenchyma [START_REF] Kokudo | Proliferative activity of intrahepatic colorectal metastases after preoperative hemihepatic portal vein embolization[END_REF][START_REF] Elias | During liver regeneration following right portal embolization the growth rate of liver metastases is more rapid than that of the liver parenchyma[END_REF]. In addition, simultaneous wedge resection and radiofrequency ablation (RFA) of the remnant liver associated with major hepatectomy may increase the risk of post operative morbidity, especially liver insufficiency, compared with major hepatectomy alone [START_REF] Mizuno | Two-Stage Hepatectomy vs One-Stage Major Hepatectomy with Contralateral Resection or Ablation for Advanced Bilobar Colorectal Liver Metastases[END_REF]. Moreover, progression of metastases in the remnant liver could result in unresectable disease after PVE, with the risk of drop-out of 25-35% of patients who do not complete the treatment strategy. [START_REF] Kokudo | Proliferative activity of intrahepatic colorectal metastases after preoperative hemihepatic portal vein embolization[END_REF][START_REF] Elias | During liver regeneration following right portal embolization the growth rate of liver metastases is more rapid than that of the liver parenchyma[END_REF][START_REF] Hoekstra | Tumor progression after preoperative portal vein embolization[END_REF][START_REF] Mueller | Major hepatectomy for colorectal metastases: is preoperative portal occlusion an oncological risk factor?[END_REF][START_REF] Pamecha | Long-term survival and disease recurrence following portal vein embolisation prior to major hepatectomy for colorectal metastases[END_REF][START_REF] Pamecha | Effect of portal vein embolisation on the growth rate of colorectal liver metastases[END_REF][START_REF] Simoneau | Portal vein embolization stimulates tumour growth in patients with colorectal cancer liver metastases[END_REF][START_REF] Vigano | Drop-out between the two liver resections of two-stage hepatectomy. Patient selection or loss of chance?[END_REF] Following these observations, the standard of care is now the resection or destruction (radiofrequency or microwave ablation) of the metastases of the future remnant liver during the first stage before PVE, and major hepatic resection later during the second stage after PVE in patients with bilobar liver metastases [START_REF] Elias | Simultaneous percutaneous right portal vein embolization and left liver tumor radiofrequency ablation prior to a major right hepatic resection for bilateral colorectal metastases[END_REF][START_REF] Jaeck | A twostage hepatectomy procedure combined with portal vein embolization to achieve curative resection for initially unresectable multiple and bilobar colorectal liver metastases[END_REF].

In the initial series reported by Adam et al, 3 of their 13 patients were treated with major hepatectomy during the first stage. However, difficulties related to abdominal and perihepatic adhesions arising from the initial procedure may complicate the second hepatectomy, justifying TSH in its current form. [START_REF] Adam | Two-stage hepatectomy: A planned strategy to treat irresectable liver tumors[END_REF] Based on our results, we could consider an alternative to TSH with left liver clearance first (minor hepatectomy first), by performing first approach major hepatectomy. In fact, the 2-step hepatectomy strategy in its current form exposes the patient to a risk of tumor progression, firstly following the minor hepatectomy procedure, and secondly due to portal embolization. We observed, at day 24, a significantly greater mean tumor volume in the portal ligation (p<0.001) and 30%PHx (p=0.019) groups, representing a 1.79 and 1.30-fold increase in tumor burden, compared to the 70%PHx group.

Bilobar CLM is an increasingly common, yet challenging, problem and modern hepatobiliary surgeons should not restrict themselves to a single treatment strategy. It is currently accepted that the management of multiple bilobar liver metastases should be as close as possible to that of conservative parenchymal surgery [START_REF] Memeo | Parenchymalsparing hepatectomies (PSH) for bilobar colorectal liver metastases are associated with a lower morbidity and similar oncological results: a propensity score matching analysis[END_REF][START_REF] Mise | Parenchymalsparing Hepatectomy in Colorectal Liver Metastasis Improves Salvageability and Survival[END_REF] . TSH should be avoided as much as possible to prevent the mortality associated with major liver resection and therefore the risk of drop-out related to PVE.

Although the classic "minor-first approach with PVE has now become a mainstream strategy of TSH, other options are available. As discussed by Imai et al. recently [START_REF] Imai | How to increase the resectability of initially unresectable colorectal liver metastases: A surgical perspective[END_REF] (, ALPPS and Major (Right) -first approach, are part of the treatment arsenal available for the management of multiple bilobar CLM.

ALPPS is a novel form of conventional TSH [START_REF] Schnitzbauer | Right portal vein ligation combined with in situ splitting induces rapid left lateral liver lobe hypertrophy enabling 2-staged extended right hepatic resection in small-for-size settings[END_REF] in which the less invaded liver lobe is cleaned of its metastases in combination with intraoperative portal vein ligation/embolization and in situ splitting of the hemiliver at the first stage. At the second stage, usually 10 to 14 days later, the tumor-bearing liver lobe is removed. The main criticisms of ALPPS were on the one hand its high morbidity and mortality rates [START_REF] Schnitzbauer | Indicating ALPPS for Colorectal Liver Metastases: A Critical Analysis of Patients in the International ALPPS Registry[END_REF], and on the other hand that oncological outcomes of ALPPS relative to TSH have not been determined. After describing and disseminating the ALPPS technique, Oldhafer was the first to alert the surgical community to the risk of early tumour progression [START_REF] Oldhafer | ALPPS for patients with colorectal liver metastases: effective liver hypertrophy, but early tumor recurrence[END_REF]. In this sense, various studies have attempted to assess the risk of accelerated tumor growth after ALPPS. Indeed, in view of the morbidity and mortality associated with this surgical procedure, it was important to evaluate its oncological interest. Kambakamba et al. demonstrated on a mouse model, the absence of deleterious oncological impact of the first surgical step of the ALPPS, compared to the portal occlusion, with regard to tumor growth in a mouse model [START_REF] Kambakamba | Impact of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) on growth of colorectal liver metastases[END_REF].

From an oncological point of view, for selected patients, the major-first hepatectomy strategy could be discussed in relation to the results we report, in terms of tumor growth after major hepatectomy comparing to PVO. For that approach, the more invaded hemiliver (usually the right lobe) is resected at the first stage, leading to hypertrophy of the contralateral liver lobe. PVL/PVE is not required, as previously discussed. At the second stage, tumor cleaning of the FLR is performed, usually by non-anatomical partial resection. The main reported difficulties in that strategy could be the risk of perihepatic adhesions during the 2nd time of hepatectomy.

Laparoscopic major liver hepatectomy is now well codified in Expert HPB surgical centers, and a minimally invasive laparoscopic approach could limit abdominal and perihepatic adhesions. Indeed, Rhu et al, by using a codified method of determining the degree of adhesion, reported significantly more severe adhesion following open liver resection compared to laparoscopy group, in a setting of salvage liver transplantation [START_REF] Rhu | Laparoscopy of hepatocellular carcinoma is helpful in minimizing intra-abdominal adhesion during salvage transplantation[END_REF].

Even if the prognostic impact of tumor margin is still debated, at the second stage (minor hepatectomy), the risk of a positive margin is limited by the hypertrophy induced by the first stage [START_REF] Andreou | Margin status remains an important determinant of survival after surgical resection of colorectal liver metastases in the era of modern chemotherapy[END_REF][START_REF] Margonis | Impact of Surgical Margin Width on Recurrence and Overall Survival Following R0 Hepatic Resection of Colorectal Metastases: A Systematic Review and Metaanalysis[END_REF][START_REF] Sadot | Resection margin and survival in 2368 patients undergoing hepatic resection for metastatic colorectal cancer: surgical technique or biologic surrogate?[END_REF][START_REF] Vigano | Is Tumor Detachment from Vascular Structures Equivalent to R0 Resection in Surgery for Colorectal Liver Metastases? An Observational Cohort[END_REF].

And to better control risk of liver insufficiency following major hepatectomy, some options seem interesting in terms of modulation of the portal flow such as pharmacological [START_REF] Rhaiem | Portal Inflow Modulation by Somatostatin After Major Liver Resection: A Pilot Study[END_REF] or mechanical or hemodynamic modulation with vascular ring [START_REF] Bucur | Modulating Portal Hemodynamics With Vascular Ring Allows Efficient Regeneration After Partial Hepatectomy in a Porcine Model[END_REF].

Conclusion

We have confirmed in a reproducible rat model of bilobar CLM, that contrary to portal vein occlusion, major hepatectomy decreases the growth of macroscopic CLM in the remnant liver as compared to laparotomy and minor hepatectomy. These results allow us to discuss the place of "Major (Right) hepatectomy first approach" in the TSH sequence. This approach may allow some patients to avoid embolization of the portal vein and limit the risk of tumor progression between the two stages. The arsenal of surgical approaches is important, and each strategy must be best adapted to the tumor disease, according to the principle of personalized therapy. The "Major Hepatectomy First-approach" should be evaluated in the future. French multicenter retrospective data are currently being collected to assess the feasibility of a prospective pilot study. The following symbols are used to compare the 4 groups: $: PVL is compared to 70%PHx; *: PVL is compared to 30%PHx; **: PVL is compared to Sham; €: Sham is compared to 70%PHx; £: 30%PHx is compared to 70%PHx. 
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