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Abstract

In the nineteenth century the idea of a correct surgical approach in oncologic surgery moved towards a good lymphad-
enectomy. In colon cancer the segment is removed with adjacent mesentery, in gastric cancer or pancreatic cancer a good
oncologic resection is obtained with adequate lymphadenectomy. Many guidelines propose a minimal lymph node count
that the surgeon must obtain. Therefore, it is essential to understand the adequate extent of lymphadenectomy to be
performed in cancer surgery. In this review of the current literature, the focus is on “central vascular ligation’, understood
as radical lymphadenectomy in upper and lower gastrointestinal cancer, the evolution of this approach during the years
and the improvement of laparoscopic techniques. For what concerns laparoscopic surgery, the main goal is to minimize
post-operative trauma introducing the “less is more” concept whilst preserving attention for oncological outcomes. This
review will demonstrate the importance of a scientifically based standardization of oncologic gastrointestinal surgery,
especially in relation to the expansion of minimally invasive surgery and underlines the importance to further investigate
through new randomized trials the role of extended lymphadenectomy in the new era of a multimodal approach, and
most importantly, an era where minimally invasive techniques and the idea of “less is more” are becoming the standard
thought for the surgical approach.
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1 Introduction

According to GLOBOCAN 2018 [1] cancer incidence is increasing because of ageing societies, commercial interests, and
unhealthy lifestyles. Currently, one in five men and one in six women will be diagnosed with cancer, and one in eight
men and one in ten women will die from their disease. Predictions suggest that by 2030, 30 million people will die from
cancer each year.

Metastatic disease is the main cause of deaths from cancer; therefore, prevention of later arising metastasis has moved
to the center of clinical attention. Prevention of metastasis combines early surgery (or radiotherapy in some cases) with
systemic therapy, neoadjuvant or adjuvant. Systemic therapy mainly targets tumor cells that have detached from the
primary lesion to lodge elsewhere, undetectable by clinical imaging and inaccessible to excision [2].
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During the nineteenth century the idea of a correct surgical approach moved towards a good lymphadenectomy. In
colon cancer the segment is removed with adjacent mesentery, in gastric cancer or even in pancreatic cancer a good
oncologic resection is obtained with adequate lymphadenectomy.

The Halsted and the Fisher model represent the lymphatic spread biological models; in the former the lymphatic
spread follows a well-defined temporal and anatomical path, from the primary tumor to nearby lymph nodes (LN),
henceforth to intermediate nodes, subsequently to central nodes, and eventually to distant organs such as the liver or
lung [2]; in the latter, the lymphatic, as well as hematogenous metastases, occur early and at random [3].

It seems essential to understand the adequate extent of lymphadenectomy to be done in cancer surgery and indeed
many guidelines propose a minimal lymph node count (LNC) that the surgeon must obtain.

Notably, the literature often uses the terminology of Complete Mesocolic Excision (CME) and CME with central vascular
ligation (CVL) interchangeably.

CME was defined as dissection between the right mesocolon and the retroperitoneum, following the embryological
plane defined by the fusion fascia of Toldt and the fusion fascia of Fredet and high tie of ileocolic vessels, right colic ves-
sels, and right branch of middle colic vessels [4, 5]. The CME procedure requires proximal vascular ligation of the feeding
vessels but does not specify nor require dissection at the level of the root vessels [superior mesenteric vein and artery
(SMV, SMA)] [6]. The original CME technique emphasized meticulous dissection between the mesocolon and retroperi-
toneum along the Toldt’s fascia and retrieval of the specimen as one unbreached mesocolon package. CME should be
performed with techniques of central vascular ligation (CVL) to clear all locoregional lymph nodes. In addition, adequate
proximal and distal margins should be obtained.

To be more specific, D1 lymph node resection represents transection of the mesenteric vessel just proximal to the
marginal vessels; D2 resection is a more traditional resection of the main feeding vessels to a given colonic segment and
lymphadenectomy that includes the origin of the feeding vessels [7]; D3 represents an extended lymphadenectomy that
includes dissection of the lymphoadipose tissue covering the medial side of the SMV and dissection of the lymphoadipose
tissue covering the head of pancreas after section of the superior right colic vein (SRCV) at its confluence in the gastro-
colic trunk of Henle (GCTH) if necessary (Figs. 1, 2). The latter is a fundamental surgical landmark defined as the venous
confluence of the following three veins: right gastroepiploic vein, anterosuperior pancreatic-duodenal vein, and SRCV [4].

Although there are some differences in the extent of surgery between CME and D3 lymphadenectomy, these two
surgical techniques (if CME is properly performed) share common characteristics regarding oncologic outcomes. Moreo-
ver, it is author’s opinion that a true CME does not exist without CVL and extended dissection along the vascular plane
offered by the anterior surface of the SMV.

Hohenberger et al. [8] firstly described CME in conjunction with (CVL) meaning that (CVL) includes individual proximal
vascular ligation, with extended central lymph node dissection.

Furthermore, the introduction of minimally invasive surgery (MIS), that has revolutionized gastrointestinal surgery [9]
introducing the concept of “less is more”, has introduced further issues in oncologic abdominal surgery.

Fig. 1 Complete Mesocolic
Excision during right colec-
tomy: lymphoadipose tissue
covering the head of pancreas
after section of the superior
right colic vein (SRCV) at its
confluence in the gastrocolic
trunk of Henle (before dis-
section), and right branch of
Middle colic artery
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Fig.2 Complete Mesocolic
Excision during right colec-
tomy: lymphoadipose tissue
covering the head of pancreas
after section of the superior
right colic vein (SRCV) at its
confluence in the gastrocolic
trunk of Henle (after dissec-
tion), and right branch of
Middle colic artery

Specific concerns on the oncological outcomes of procedures such as gastrectomy, pancreatectomies and rectal
resections, are extensively debated, especially for what concern laparoscopic lymphadenectomy. The development of
newly designed operative techniques and the introduction of better technological devices for laparoscopic and robotic
surgery together with the undoubted improvement of surgical expertise in minimally invasive surgery, might overcome
this problem [10-13].

2 Materials and methods

Between 1 March 2021 and 31 March 2021, a review of the literature has been performed for articles published between
1990 and 2021. The following databases were searched: MEDLINE (PubMed), EMBASE (OvidSP), Ovid, and Cochrane
Database. The following search terms were used: “Central Vascular Ligation”, “Mesenteric excision’, “Colorectal cancer”,
“Gastric Cancer”, “Pancreatic Cancer’,“Oncologic outcome’, “Laparoscopic approach’, “Minimally invasive approach”and
“Complete Mesenteric Excision”. Furthermore, cross searches were performed through references from considered arti-
cles. Two screeners independently performed the literature screening and review (DV and MF). Discrepancies were
addressed by agreement with a third screener (SS).

3 Results

All 712 articles have been analysed and those which met the eligibility criteria were reviewed. Data from a total of 73
different full articles was extracted. Duplicates, articles in languages other than English and articles not relevant to this
review were excluded (Table 1). Articles included preclinical studies, retrospective analyses, case reports/case series,
observational cohort studies, randomized clinical trials.

4 Discussion

4.1 Colorectal cancer

Colorectal cancer is the second cause of cancer-related death in Western countries and surgical resection is still the
main treatment. It is supposed to be caused by a complex interaction between environmental carcinogens and
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Table 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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genetic alterations, which ultimately results in the uncontrolled growth of transformed cells; the cancer tissue is
infiltrated with various immune cells, which can either promote or inhibit CRC cell growth [14-18].

The primitive dorsal mesenterium is the embryological “envelope” made of a double-layered mesenchymal fibro-
fatty tissue, also route for cancerous diffusion from the primitive tumor. The complete excision of this “meso-structure”
is thus crucial to enhance clearance of the surgical field, and to avoid local recurrence. Central vascular ligation (CVL)
permits an extensive lymph node dissection, limiting regional recurrence and systemic dissemination, possibly pro-
viding improved survival in stage I-lll colonic cancers [19].

The concept of total mesorectal excision (TME) championed by Heald [4] has shown that good quality surgery
improves the outcome for rectal cancer. TME, removing the primary lymph-vascular drainage as an intact package
together with the tumor and preserving the autonomic nerves required for the maintenance of urinary and sexual
function, is nowadays accepted as the gold standard for rectal cancer surgery [20]. The dissection plane described
by Heald, remains the single, most important prognostic factor for local recurrence. In fact, recent meta-analyses and
reviews comparing TME plus lateral lymph node dissection (LLND) versus TME alone [21-24], could not find significant
reduction of recurrence rates or improvement in survival; however, LLND is reported to require longer operation
time (360 min versus 294.7 min, P =0.02) and to be associated to increased complication rates (odds ratio=1.48, 95%
confidence interval 1.18-1.87, P <0.001) such as urinary dysfunction [19].
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In recent years, the concept of CME with dissection adhering to embryological planes and central vascular ligation
(CVL) has also been adopted to colonic resection [5, 25]. While data exist describing an increased disease-free survival
(DFS) in patients who have undergone right colectomy using CME [26, 27], little is known about the perioperative morbid-
ity and mortality associated with CME/CVL [28]. Hohenberg et al. [8] proposed a nodal dissection even more extended
than the standard D3 proposed by Japanese surgical societies, known as CVL.

Lymph node ratio is a well-known prognostic factor as associated with a better DFS in colorectal cancer and an
extended lymphadenectomy with preservation of mesocolic plane demonstrated a relevant increase of node harvested
and consequently a lower node ratio [29, 30]. Despite this encouraging result, the mechanism underlying how a lower
node ratio impact in recurrence rate, DFS and OS, still remains unclear.

Extended lymphadenectomy requires a wider dissection around large vessels that makes the colorectal resection
more demanding, especially in right colon resections. Ferri et al. [31] conducted a meta-analysis including a total of 3918
patients. The CME group with respect to conventional right-side colectomy showed a better five-year DFS and overall
survival (OS) with an OR 1.88 (95% Cl 1.02-3.45) and OR 2.77 (95% Cl 1.33-5.74), respectively. In addition, the two groups
had a similar incidence of mortality and morbidity. Moreover, in the CME group a higher mean number of lymph nodes
has been obtained (MD 7.08 lymph nodes 95% Cl 4.90-9.27). On other hand other studies did not demonstrated CME
superiority so that CME still cannot be offered as the standard of care [32].

Due to this aspect, though the oncological result seems promising, patient selection still needs to be standardized as
the greater surgical complexity could expose patients to a higher complication rate without a definite oncological ben-
efit, especially for early-stage cancer. Indeed, an Italian randomized trial (NCT04871399) is now comparing in safety and
oncological outcome of right hemicolectomy with complete mesocolon excision versus standard right hemicolectomy.

Another aspect yet to be evaluated is preoperative anatomy. Since dissection along major colorectal vessels is manda-
tory for a proper complete mesocolon excision, systematic preoperative CT-scan evaluation of vascular anatomy seems
reasonable in order to know anatomical variations, avoid vascular complications and obtain a more radical resection
[33, 34]. Even in this case, while cadaveric study and model evaluating colorectal vascular anatomy already exists, still
no strong evidence is able to verify this hypothesis, despite an ongoing Norvegian randomized trial (NCT01351714) is
evaluating oncological radicality in patients studied preoperatively with CT-scan with contrast.

Kanemitsu et al. [35] examined 370 consecutive patients who had right colectomy with D3 lymphadenectomy for
right colon cancer; 3% of patients had N3 nodal involvement (patients with T3-T4 tumors) and 13.2% had N2 nodal
involvement. The 5-year DFS was 36.4% for the patient with N3 nodal involvement versus 83.5% for N2 nodal involve-
ment, suggesting that patients with proximal nodal metastasis exhibit a different tumor biology than patients with more
intermediate-level nodal metastasis. According to Nagasaki et al. [36] lymph nodes are a key element of TNM staging
system and are considered a significant factor for predicting DFS and OS in patients with colorectal cancer without distant
metastasis. Regional lymph node metastasis is believed an essential step in tumor cell dissemination in colorectal cancer.
Furthermore, in colorectal cancer surgery, intraperitoneal free cancer cells (IFCC) presence is not routinely investigated
and their prognostic meaning is still unclear; yet when peritoneal washing results are positive for the presence of IFCC
a worse outcome can be expected [37-39].

DFS is also related to the histotype; in a recent study it has been demonstrated that patients with pT3 mucinous and
signet ring cell tumors resected after emergency presentation have poorest outcomes and survival. Furthermore, the
debate of whether emergency colon surgery is associated with worse oncological outcome is still ongoing and finding
a“bridge to surgery” strategy (if possible) might provide better oncologic outcomes in T3 patients [40].

Moreover, while Kotake et al. [41] demonstrated no difference in OS of patients who had T2 colon cancers treated
with D2 or D3 resection, Slanetz et al. [42] showed that the level of mesenteric resection influenced outcomes only for
the patients who had moderate or well-differentiated cancer with intermediate-level nodal involvement. Patients with
more than four positive lymph nodes or poorly differentiated tumors had poor survival regardless of the extension of
lymphadenectomy. These studies had limitations such as outdated staging methods, lack of modern chemotherapy, and
no audit of the pathology specimen.

It is known that the 2019 guidelines of the Japanese Society for Cancer of the Colon and Rectum (JSCCR) recommend
D3 lymph node dissection for clinical stage II/1ll colorectal cancer [43]. However, when performing a left hemicolectomy,
it is still unclear whether D3 lymph node dissection with preservation of the left colic artery (LCA) is different in terms
of clinical outcomes, compared to D3 without LCA preservation. The randomized controlled trial (RCT) JCOG0404 con-
ducted by the Colorectal Cancer Study Group of the Japan Clinical Oncology Group (JCOG) [39] enrolled more than 1000
patients. The advantages in D3 without LCA preservation have been identified in the prevention of the micrometastatic
cells spillage through the en-bloc lymph node dissection of the root of the inferior mesenteric artery (IMA); disadvantages
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include a higher possibility of anastomotic leakage and the sacrifice of autonomic nerves around the IMA; no significant
differences in terms of operation time and blood loss have been found. Despite a higher complication incidence, D3 with
LCA preservation was associated with a higher OS [44-48].

Furthermore, left hemicolectomies can be approached both through an open and laparoscopic approach; no matter
the privileged technique, two critical steps must be taken care of: a well-perfused bowel and a tension-free anastomosis
[49]. The correct management of major vessels guarantees a proper perfusion while the mobilization of proximal colon
gives the opportunity to achieve a tension-free anastomosis; the proximal colon cannot be always fully mobilized and,
in some cases, the proximal colon will not go easily to the pelvis down to the left retroperitoneum and to the left of
the ligament of Treitz; in these cases, the retroileal routing technique can be considered as an alternative technique in
order to gain mobility of the colon when the transverse colon does not seem to assure a tension-free anastomosis when
coming down to the rectum; this is a challenging technique when approached laparoscopically, but the hand-assisted
laparoscopic technique (HAL) could provide a maneuverability and tactile feedback that could guarantee a safe perfor-
mance of this surgical technique [50].

Finally, a promising prospective is the use of indocyanine green used during laparoscopy or robotic colorectal pro-
cedures for lymphatic mapping that may help to perform a correct CME. Small series were published showing its safety
and feasibility, but the actual utility deserves further investigations [51].

4.2 Gastric cancer

Gastric cancer is one of the main causes of death for cancer in the world [52]. Radical gastrectomy with regional lym-
phadenectomy before or after chemotherapy is the gold standard in the treatment of invasive cancers [53].

Lymph nodes involvement and local spread is one of the main features of gastric cancer and nodal invasion is mainly
influenced by tumor depth [54]. Nodal spread gradually takes place radiating from the primary site [55] and nodal
involvement is one of the most important prognostic factors.

A D1 dissection aims to clear only the lymph nodes with the highest risk of involvement and thus all perigastric and
left gastric artery lymph nodes are removed. In a D2 dissection, all D1 lymph nodes and lymph nodes along the main
vascular axis of the stomach (hepatic and splenic as well as those along the coeliac axis) are removed (Figs. 3, 4). In
addition, a D3 dissection has been described, which includes all D1 and D2 lymph node stations, supplemented with
abdominal paraaortic and hepatoduodenal lymph nodes. East Asian observational studies as well as a randomized trial
from Taiwan have convincingly shown a better survival with D2 gastrectomy than D1 gastrectomy [52]. However, the
extent of lymphadenectomy has been debated for years especially in Europe and North America. The 15 year-follow up
of the famous Dutch study [54] has demonstrated that loco-regional recurrence rate is significantly lower in patients
treated with D2 lymphadenectomy versus patients who underwent D1 dissection. D3 lymph node dissection is not
widely accepted. The study by Wu et al. [56] confirmed the higher risk of complications after extensive dissections and
suggested that extensive lymph node dissection should be performed only by surgeons with extensive experience in
the technique; post-operative hospital stay was longer for D3 patients [mean (SD) 19.6 (13.9) (range 10-98) d vs 15.0 (4.0)
(range 10-30) d, P=0.001]; morbidity rate was also higher (17.1% vs 7.3%, P=0.012), mainly due to a high incidence of
abdominal abscess (8.1% vs 0%, P=0.003) and patients undergoing distal spleno-pancreatectomy had an even higher
morbidity rate (35.7% vs 10.6%, P=0.017). However, in both groups there was no operative mortality.

The Japanese JCOG 9501 trial concluded that routine addition of para-aortic dissection to D2 lymphadenectomy does
not affect the rate and the pattern of recurrences in advanced gastric cancer [57]. The controlled randomized trial by
Sasako et al. [58] comparing D2 lymphadenectomy alone with D2 lymphadenectomy plus para-aortic nodal dissection
(PAND) concluded that treatment with D2 lymphadenectomy plus PAND does not improve the survival rate in curable
gastric cancer. Nevertheless, D2 + PAND is feasible after neo-adjuvant chemotherapy [59] and the D3 dissection could
be useful in subgroups of patients, as suggested by the rather high 5-year survival (18.2%) reported in the Japanese trial
[60] in patients with pathologically positive para-aortic nodes after a prophylactic PAN dissection.

In Europe, Roviello et al. [61] demonstrated a potential benefit of super-extended lymphadenectomy in patients with
advanced gastric cancer without serosal involvement. Following this lead, De Manzoni et al. [62] evaluated, through the
largest series undergoing D3 lymphadenectomy in the Western world, the impact of super-extended D3 lymphadenec-
tomy on overall and specific recurrences in a series of advanced gastric cancer patients; D3 lymphadenectomy reverses
the negative impact of diffuse histotype on relapses, especially on locoregional recurrences. As a consequence, D3 could
be considered a valid therapeutic option in histotype-oriented tailored treatment of AGC.
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Fig.3 Lymphadenectomy D2
during Laparoscopic Gastrec-
tomy

Fig.4 Lymphadenectomy
D2 during Laparoscopic
Gastrectomy (Hepatic Hilum
dissection)

4.3 Cancer of the head of the pancreas

The incidence of pancreatic cancer is increasing with 548.782 new cases predicted by 2030 [63]; its aggressive bio-
logical behavior causes a 76.7% recurrence rate at 25.3 months for resected patients with a median recurrence-free
survival of only 11.7 months. It still represents one of the most lethal human malignancies with the 5-year survival to
be as low as 5% [64]. Pancreatectomy is suitable for 15-20% of patients at initial diagnosis because most of them are
diagnosed when locally advanced. Vascular involvement by the tumor assessed through radiological imaging gives us
the opportunity to classify localized pancreatic adenocarcinoma (PA) in three categories: potentially resectable (PR)
when there is no vascular involvement, borderline resectable (BR) with minor/moderate vascular involvement, and
locally advanced (LA) in case unreconstructable venous occlusion or significant arterial involvement is present [65].

The pancreas is covered dorsally by a perineural layer, the mesopancreas, a well-vascularized structure extending
from the posterior surface of the pancreatic head to behind the superior mesenteric vein and artery (SMV and SMA).
The course of lymphogenic structures along the neuronal plexus posteriorly to the pancreas may have a key role in
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metastatic spread. Perineural tumor invasion has been detected in up to 77% of resection specimens from patients
with carcinoma of the head of the pancreas [66]. Complete mesopancreas resection (CMR) and proximal jejunum
excision have been advocated for RO resection to achieve curability of a pancreatic head tumor, with direct or indirect
invasion to major vessels or regional lymph node metastasis [67] (Fig. 5).

Lymph node metastases are found in 20-77% of resection specimens from patients with carcinoma of the head of the
pancreas. However, the extent of lymphadenectomy does not exert a significant influence on the prognosis [68]. Four
trials have been carried out in the last years [68-71] to support literature finding based only on several retrospective
reports and few prospective randomized trials.

Pedrazzoli et al. [69] conducted a prospective, randomized, multicenter study to determine whether the performance
of an extended lymphadenectomy and retroperitoneal soft-tissue clearance in association with a pancreatoduodenal
resection improves the long-term survival of patients with a potentially curable adenocarcinoma of the head of the
pancreas; an average of 13 lymph nodes were retrieved in the standard group, compared to 20 lymph nodes in the
extended group. Statistically significant differences in the long-term survival of patients undergoing a standard or an
extended lymphadenectomy has not been found. Henne-Bruns et al. [70] reported a prospective nonrandomized study
in patients with pancreatic adenocarcinoma; on average, 14 lymph nodes were harvested in their standard procedure
and 24 lymph nodes in their more extensive procedure. No survival benefit has been found for the more extensive pro-
cedure, with a median survival of only approximately 12 months in each group. The survival analysis conducted in the
third trial, by Seiler et al. [71], revealed no differences in 1-year or 2-year survival rates or median survival when comparing
the 33 patients undergoing classic pancreaticoduodenectomy (which includes a distal gastrectomy) to the 28 patients
treated via pylorus-preserving pancreaticoduodenectomy. Yeo et al. [72], on the wave of the previously cited studies,
conducted a prospective, randomized single-institution trial indicating that the addition of a distal gastrectomy (attended
by harvesting of the respective perigastric lymph nodes) and retroperitoneal lymphadenectomy to pylorus-preserving
pancreaticoduodenectomy provides no survival benefit.

Hepatic artery.

gastroduodenal artery ligated,

Pancreatic stump with stent inserted in the

Wirsung duct

Portal yein

Superior mesenteric artery

Left renal yein

aorta

Fig.5 Complete mesopancreas excision during pancreatoduodenectomy
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The most recent literature finding about the role of node dissection in pancreatic tumor resection by Dillhoff et al.
[73] stated that there are no data to support the empiric use of extended lymphadenectomy as a part of pancreaticoduo-
denectomy for patients with pancreatic adenocarcinoma.

4.4 Laparoscopy and central vascular ligation: is it feasible?

The role of extended lymphadenectomy comes into an era where minimally invasive techniques and the “idea of less
is more”is becoming the standard thought for the surgical approach. Gastrointestinal surgery has been revolutionized
by the advent of laparoscopic and robotic surgery, reducing both post-operative trauma and the use of analgesics, and
achieving a faster recovery.

To better investigate the issue of laparoscopic safety in general, several randomized trials were designed and carried
out. Initial results with long-term follow-up showed no difference in survival and local recurrence rates when comparing
laparoscopic to open approaches. The Laparoscopic approach showed some advantages over open surgery. The COST
trial [74], COLOR | and Il trials [75, 76], CLASICC trial [77, 78] and COREAN [79] demonstrated non-inferior outcomes to
open surgery. Short-term benefits of the laparoscopic approach were also confirmed in a Cochrane Review: decreased
blood loss, quicker oral intake, decreased narcotic use, and lower rates of surgical site infections [80]. Furthermore, Arezzo
etal. [81] in a meta-analysis including 4539 patients found a mortality reduction (2.4% vs 1.0% P=0.048) and decreased
morbidity (35.4 vs. 31.8%, P <0.001) in favor of the laparoscopic group.

In Negoi’s systematic review [82] no differences in local and distant recurrence rate, three- and five-year OS and DFS
rates between Laparoscopic CME and Open CME groups were found.

Many specialized units performing laparoscopic CME/CVL have reported comparable quality of surgical specimens
compared to open surgery [83, 84]. In one of the few RCTs, Yamamoto et al. compared laparoscopic and open D3 colonic
resections and demonstrated lower morbidity rates in the laparoscopic group with the usual benefits of minimally
invasive surgery [85].

A systematic review and network metanalysis conducted by Simillis et al. [86] took into consideration 29 randomized
controlled trials accounting for 6237 participants and comparing: open versus laparoscopic versus robotic versus transa-
nal mesorectal excision. Perioperative morbidity and long-term survival of the three techniques are perfectly compara-
ble; an improved postoperative recovery could be observed in the laparoscopic and robotic approaches, and a better
oncological margin resection characterized the open and transanal approaches; thus, concluding that the appropriate
technique should be chosen depending on the surgeon expertise and on the patients’ expected benefits.

In recent years, several surgeons have started applying laparoscopic assisted gastrectomy (LAG) for gastric cancer
[87-89]. A Phase lll multicenter, prospective, randomized trial (KLASS Trial) by Kim et al. [90] evaluated morbidity, mortality
and oncological safety of laparoscopic gastrectomy versus open gastrectomy for gastric cancer and showed no difference
among the two approaches in the short-term outcomes giving hopes for no difference in the long-term. In the same way,
Katai et al. [91] conducted a multicenter phase Il trial (JCOG 0703) to evaluate the safety of laparoscopy-assisted distal
gastrectomy (LADG) with nodal dissection for clinical stage | gastric cancer patients confirming the safety of laparoscopy-
assisted distal gastrectomy (LADG) performed by credentialed surgeons in terms of the incidence of anastomotic leakage
or pancreatic fistula formation. In a large scale of case—Control and case—Matched Korean Multicenter Study [92], at
a median follow-up of 70.8 months, the OS, disease-specific survival, and recurrence-free survival were not statistically
different except for patients with stage |A disease treated with laparoscopic surgery, who showed an increased OS (lapa-
roscopic group; 95.3%, open group: 90.3%; P <0.001) probably attributable to selection bias. Since short-term results
and complication rate of laparoscopic gastrectomy with D2 lymph nodes dissection for advanced gastric cancer are still
controversial, Lee et al. [93], in their center experience, concluded that laparoscopic assisted gastrectomy (LAG) with D2
lymphadenectomy is a feasible procedure for AGC, and the follow-up results demonstrated that it produced satisfactory
surgical and oncological results, especially, for T2a and T2b. Despite the reverence held by many surgeons regarding the
pancreas, within a few years after the introduction of laparoscopic cholecystectomy, laparoscopic surgery of the pancreas
had been attempted [94]. LDP is increasingly applied to patients with high BMI, history of previous abdominal surgery,
presence of comorbidities and large tumors. LDP has become the operation of choice for most lesions involving the distal
pancreas [95]. Recent studies show that LDP have improved perioperative recovery and equivalent oncologic outcomes
[96-99]. Studies on MIPD demonstrate that it is safe in terms of intra-operative outcomes, post-operative recovery and
early oncologic outcomes. Laparoscopic enucleation has become the operation of choice for small benign tumors that
are away from the main pancreatic duct, especially insulinomas [100]. Moreover, the advantages of the robotic approach
such as a reduction of tremor, ergonomic movements, improved instruments and 3D view have given hint to a series
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of studies showing that robotic distal pancreatectomy is safe as the open and laparoscopic approach [101]. As stated
by lelpo et al. both robotic and laparoscopic distal pancreatectomies have similar peri-operative outcomes; the robotic
approach is characterized by a lower conversion rate and hospital stay but a higher price; but the definition of cost is
difficult to be given when factors such as quality of life, sexual function, sexual disorders, return to daily activities are
taken into account; in addition, when compared to the laparoscopic approach, the robotic approach features easier
instrument control and a more ergonomic position for the surgeon, which may be of particularimportance when deal-
ing with pancreatic surgery [102].

Central vascular ligation represents a universally accepted concept in colonic, rectal or gastric oncology, although its
superiority regarding oncological outcomes is challenged by an increased rate of postoperative complications [98]. From
anatomical, surgical, oncological and pathological perspectives we face different situations when approaching gastric,
pancreatic, colonic or rectal cancers [103, 104].

Nowadays, TME is accepted as the gold standard in rectal cancer and tumor deposits as well as nodal involvement
may be confined within the mesorectal fascia. Complete excision of the mesorectum should be performed en-bloc with
the rectum by dissecting along the rectal fascia in the plane that separates this from the parietal pelvic fascia (the holy
plane), thereby maintaining the integrity of the rectal fascia and mesorectal contents and sparing autonomic pelvic
nerves and plexuses [105]. Furthermore, in recent years, the concept of CME with dissection adhering to embryological
planes and central vascular ligation (CVL) has also been adopted to colonic resection [106, 107]. This will certainly affect
the current value of current prognostic markers [108-113] that are essential for a modern precision oncology [114-121]

The “complete mesopancreas excision’, instead, is not similar to “complete mesocolon” or “total mesorectal” excision
[122]. Extended lymphadenectomy has no survival benefit for patients with pancreatic cancer. Therefore, we suggest
that standard lymphadenectomy should be favored over extended lymphadenectomy for pancreatic cancer. Routine
extended lymphadenectomy has increased morbidity, operating room time, and length of stay, without evidence in
improvement in OS; laparoscopic dissection of areas interested in CME with D3 extended lymphadenectomy could be
associated with intra-operative bleeding, which may result fatal for the patient [123].

5 Conclusion

Our intention is to increase the awareness that in an era characterized by progresses in surgical technique, it is important
not to forget to locate the idea of extended lymphadenectomy and central vascular ligation in the context of a multi-
modal approach where neoadjuvant chemotherapy is increasing its role. Hence, our suggestion to further investigate
through new randomized trials the role of extended lymphadenectomy in the new era of a multimodal approach, and
most importantly, an era where minimally invasive techniques and the idea of “less is more”is becoming the standard
thought for the surgical approach.

The achievement of a reliable laparoscopic lymphadenectomy in terms of oncological appropriateness, has allowed
the transfer of the many advantages of mini-invasiveness to the treatment of gastro-intestinal cancer. Surgeons around
the world are gaining experience with advanced laparoscopic and robotic skills, new innovations and techniques in mini-
mally invasive pancreatic surgery will evolve and this kind of approach will be considered a common surgical technique.

This review clearly demonstrates the importance of a scientifically based standardization of oncologic gastrointestinal
surgery and the need of highly specialized and high-volume centers offering the appropriate surgical approach through
the development of newly designed operative techniques and the introduction of better technological devices for lapa-
roscopic surgery together with the undoubted improvement of surgical skills.

Authors’ contributions Conceptualization: MF, DV; writing—original draft preparation—review and editing: SS, DV, MF; visualization: SDC, BS,
LS, PR, VB, RC; supervision: DV, MF, SS critically revised the manuscript. All authors read and approved the final manuscript.

Funding This research didn't received grants from any founding agency in the public, commercial or not-for-profit sectors.
Data availability Not applicable.

Code availability Not applicable.

@ Springer



Discover Oncology (2021) 12:24 | https://doi.org/10.1007/512672-021-00419-4 Review

Declarations

Ethics approval and consent to participate According to our IRB, ethical approval for review is not required.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

—_

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. The Lancet. GLOBOCAN 2018: counting the toll of cancer. Lancet. 2018;392(10152):985. https://doi.org/10.1016/50140-6736(18)32252-9.

Klein CA. Parallel progression of primary tumors and metastases. Nat Rev Cancer. 2009;9(4):302-12. https://doi.org/10.1038/nrc2627.
Torino F, Bonmassar E, Bonmassar L, De Vecchis L, Barnabei A, Zuppi C, Capoluongo E, Aquino A. Circulating tumor cells in colorectal
cancer patients. Cancer Treat Rev. 2013;39(7):759-72. https://doi.org/10.1016/j.ctrv.2012.12.007.

Garcia-Granero A, Pellino G, Frasson M, Fletcher-Sanfeliu D, Bonilla F, Sdnchez-Guillén L, Domenech A, Dolz V, Romaguera P, Sabater
Orti L, Martinez-Soriano F, Garcia-Granero E, Valverde-Navarro AA. The fusion fascia of Fredet: an important embryological land-
mark for complete mesocolic excision and D3-lymphadenectomy in right colon cancer. Surg Endosc. 2019. https://doi.org/10.1007/
s00464-019-06869-w.

Garcia-Granero A, Pellino G, Giner F, Frasson M, Grifo Albalat |, Sdnchez-Guillén L, Valverde-Navarro AA, Garcia-Granero E. A proposal for
novel standards of histopathology reporting for D3 lymphadenectomy in right colon cancer: the mesocolic sail and superior right colic
vein landmarks. Dis Colon Rectum. 2020;63(4):450-60. https://doi.org/10.1097/DCR.0000000000001589.

Heald RJ. The‘holy plane’of rectal surgery. J R Soc Med. 1988;81(9):503-8.

Paquette IM, Madoff RD, Sigurdson ER, Chang GJ. Impact of proximal vascular ligation on survival of patients with colon cancer. Ann
Surg Oncol. 2018;25:38-45. https://doi.org/10.1245/510434-016-5720-3.

Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S. Standardized surgery for colonic cancer: complete mesocolic excision
and central ligation-technical notes and outcome. Colorectal Dis. 2009;11(4):354-64.

Kim NK, Kim YW, Han YD, Cho MS, Hur H, Min BS, Lee KY. Complete mesocolic excision and central vascular ligation for colon cancer:
principle, anatomy, surgical technique, and outcomes. Surg Oncol. 2016;25(3):252-62. https://doi.org/10.1016/j.suronc.2016.05.009.
Amelio |, Bertolo R, Bove P, Candi E, Chiocchi M, Cipriani C, Di Daniele N, Ganini C, Juhl H, Mauriello A, Marani C, Marshall J, Montanaro M,
Palmieri G, Piacentini M, Sica G, Tesauro M, Rovella V, Tisone G, Shi Y, Wang Y, Melino G. Cancer predictive studies. Biol Direct. 2020;15(1):18.
https://doi.org/10.1186/s13062-020-00274-3.

EuroSurg Collaborative. EuroSurg: a new European student-driven research network in surgery. Colorectal Dis. 2016;18(2):214-5. https://
doi.org/10.1111/codi.13260.

Garcia-Granero A, Sdnchez-Guillén L, Fletcher-Sanfeliu D, Flor-Lorente B, Frasson M, Sancho Muriel J, Alvarez Serrado E, Pellino G,
Grifo Albalat |, Giner F, Roca Estelles MJ, Esclapez Valero P, Garcia-Granero E. Application of three-dimensional printing in laparoscopic
dissection to facilitate D3-lymphadenectomy for right colon cancer. Tech Coloproctol. 2018;22(2):129-33. https://doi.org/10.1007/
s10151-018-1746-9.

Pellino G, Vinci D, Signoriello G, Kontovounisios C, Canonico S, Selvaggi F, Sciaudone G. Long-term bowel function and fate of the ileal
pouch after restorative proctocolectomy in patients with Crohn’s disease. A systematic review with meta-analysis and metaregression.
J Crohns Colitis. 2020;14(3):418-27. https://doi.org/10.1093/ecco-jcc/jjz146.

Franze E, Laudisi F, Di Grazia A, Marének M, Bellato V, Sica G, Monteleone G. Macrophages produce and functionally respond to inter-
leukin-34 in colon cancer. Cell Death Discov. 2020;6(1):117. https://doi.org/10.1038/541420-020-00350-7.

Franzé E, Di Grazia A, Sica GS, Biancone L, Laudisi F, Monteleone G. Interleukin-34 enhances the tumor promoting function of colorectal
cancer associated fibroblasts. Cancers. 2020;12(12):3537. https://doi.org/10.3390/cancers12123537.

Franze E, Marafini |, De Simone V, Monteleone |, Caprioli F, Colantoni A, Ortenzi A, Crescenzi F, 1zzo R, Sica G, Sileri P, Rossi P, Pallone F,
Monteleone G. Interleukin-34 induces Cc-chemokine ligand 20 in gut epithelial cells. J Crohns Colitis. 2016;10(1):87-94. https://doi.org/
10.1093/ecco-jcc/jjv181.

De Simone V, Ronchetti G, Franzé E, Colantoni A, Ortenzi A, Fantini MC, Rizzo A, Sica GS, Sileri P, Rossi P, MacDonald TT, Pallone F,
Monteleone G, Stolfi C. Interleukin-21 sustains inflammatory signals that contribute to sporadic colon tumorigenesis. Oncotarget.
2015;6(12):9908-23.

Pellino G, Warren O, Mills S, Rasheed S, Tekkis PP, Kontovounisios C. Comparison of Western and Asian guidelines concerning the man-
agement of colon cancer. Dis Colon Rectum. 2018;61(2):250-9. https://doi.org/10.1097/DCR.0000000000001012.

Siani LM, Lucchi A, Berti P, Garulli G. Laparoscopic complete mesocolic excision with central vascular ligation in 600 right total meso-
colectomies: safety, prognostic factors and oncologic outcome. Am J Surg. 2017;214(2):222-7. https://doi.org/10.1016/j.amjsurg.2016.
10.005.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(18)32252-9
https://doi.org/10.1038/nrc2627
https://doi.org/10.1016/j.ctrv.2012.12.007
https://doi.org/10.1007/s00464-019-06869-w
https://doi.org/10.1007/s00464-019-06869-w
https://doi.org/10.1097/DCR.0000000000001589
https://doi.org/10.1245/s10434-016-5720-3
https://doi.org/10.1016/j.suronc.2016.05.009
https://doi.org/10.1186/s13062-020-00274-3
https://doi.org/10.1111/codi.13260
https://doi.org/10.1111/codi.13260
https://doi.org/10.1007/s10151-018-1746-9
https://doi.org/10.1007/s10151-018-1746-9
https://doi.org/10.1093/ecco-jcc/jjz146
https://doi.org/10.1038/s41420-020-00350-7
https://doi.org/10.3390/cancers12123537
https://doi.org/10.1093/ecco-jcc/jjv181
https://doi.org/10.1093/ecco-jcc/jjv181
https://doi.org/10.1097/DCR.0000000000001012
https://doi.org/10.1016/j.amjsurg.2016.10.005
https://doi.org/10.1016/j.amjsurg.2016.10.005

Review Discover Oncology (2021)12:24 | https://doi.org/10.1007/s12672-021-00419-4

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Knol J, Keller DS. Total mesorectal excision technique-past, present, and future. Clin Colon Rectal Surg. 2020;33(3):134-43. https://doi.
org/10.1055/5s-0039-3402776.

Emile SH, Elfeki H, Shalaby M, Sakr A, Kim NK. Outcome of lateral pelvic lymph node dissection with total mesorectal excision in treat-
ment of rectal cancer:a systematic review and meta-analysis. Surgery. 2020. https://doi.org/10.1016/j.surg.2020.11.010.

Longchamp G, Meyer J, Christou N, Popeskou S, Roos E, Toso C, Buchs NC, Ris F. Total mesorectal excision with and without lat-
eral lymph node dissection: a systematic review of the literature. Int J Colorectal Dis. 2020;35(7):1183-92. https://doi.org/10.1007/
s00384-020-03623-w.

Wang X, Qiu A, Liu X, Shi Y. Total mesorectal excision plus lateral lymph node dissection vs TME on rectal cancer patients: a meta-analysis.
Int J Colorectal Dis. 2020;35(6):997-1006. https://doi.org/10.1007/500384-020-03610-1.

Hajibandeh S, Hajibandeh S, Matthews J, Palmer L, Maw A. Meta-analysis of survival and functional outcomes after total mesorectal
excision with or without lateral pelvic lymph node dissection in rectal cancer surgery. Surgery. 2020;168(3):486-96. https://doi.org/10.
1016/j.surg.2020.04.063.

Sondenaa K, Quirke P, Hohenberger W, Sugihara K, Kobayashi H, Kessler H, Brown G, Tudyka V, D'Hoore A, Kennedy RH, West NP, Kim SH,
Heald RJ, Storli KE, Nesbakken A, Moran B. The rationale behind complete mesocolic excision (CME) and a central vascular ligation for
colon cancer in open and laparoscopic surgery: proceedings of a consensus conference. Int J Colorectal Dis. 2014;29(4):419-28. https://
doi.org/10.1007/s00384-013-1818-2.

Gouvas N, Agalianos C, Papaparaskeva K, Perrakis A, Hohenberger W, Xynos E. Surgery along the embryological planes for colon cancer: a
systematic review of complete mesocolic excision. Int J Colorectal Dis. 2016;31(9):1577-94. https://doi.org/10.1007/500384-016-2626-2.
Jeri-McFarlane S, Garcia-Granero A, Gil-Catalan A, Primo-Romaguera V, Pellino G, Ochogavia-Segui A, Blasco-Cerda A, Gamundi-Cuesta
M, Gonzalez-Argente FX. Surgical steps for right laparoscopic D3 lymphadenectomy in a patient with a giant duodenal diverticulum.
Tech Coloproctol. 2021;25(5):597-8. https://doi.org/10.1007/s10151-020-02377-5.

Paquette IM, Madoff RD, Sigurdson ER, Chang GJ. Impact of proximal vascular ligation on survival of patients with colon cancer. Ann
Surg Oncol. 2018;25(1):38-45. https://doi.org/10.1245/510434-016-5720-3.

Abdelkhalek M, Setit A, Bianco F, Belli A, Denewer A, Youssef TF, Falato A, Romano GM. Complete mesocolic excision with central vascular
ligation in comparison with conventional surgery for patients with colon cancer—the experiences at two centers. Ann Coloproctol.
2018;34(4):180-6. https://doi.org/10.3393/ac.2017.08.05.

Kim NK, Kim YW, Han YD, Cho MS, Hur H, Min BS, et al. Complete mesocolic excision and central vascular ligation for colon cancer: prin-
ciple, anatomy, surgical technique, and outcomes. Surg Oncol. 2016;25:252-62.

FerriV, Vicente E, Quijano Y, Duran H, Diaz E, Fabra |, Malave L, Agresott R, Isernia R, Cardinal-Fernandez P, Ruiz P, Nola V, de Nobili G, lelpo
B, Caruso R. Right-side colectomy with complete mesocolic excision vs conventional right-side colectomy in the treatment of colon
cancer: a systematic review and meta-analysis. Int J Colorectal Dis. 2021. https://doi.org/10.1007/500384-021-03951-5.

Alhassan N, Yang M, Wong-Chong N, Liberman AS, Charlebois P, Stein B, Fried GM, Lee L. Comparison between conventional colectomy
and complete mesocolic excision for colon cancer: a systematic review and pooled analysis : a review of CME versus conventional colec-
tomies. Surg Endosc. 2019;33(1):8-18. https://doi.org/10.1007/s00464-018-6419-2.

Alsabilah JF, Razvi SA, Albandar MH, Kim NK. Intraoperative archive of right colonic vascular variability aids central vascular ligation and
redefines gastrocolic trunk of henle variants. Dis Colon Rectum. 2017;60(1):22-9. https://doi.org/10.1097/DCR.0000000000000720.
Kessler H, de Camargo MGM, Delaney CP, Steele SR. Laparoscopic right hemicolectomy with complete mesocolic excision: a cadaver
model. Tech Coloproctol. 2020;24(3):259. https://doi.org/10.1007/s10151-019-02135-2.

Kanemitsu Y, Komori K, Kimura K, Kato T. D3 lymph node dissection in right hemicolectomy with a no-touch isolation technique in
patients with colon cancer. Dis Colon Rectum. 2013;56(7):815-24. https://doi.org/10.1097/DCR.0b013e3182919093.

Nagasaki T, Akiyoshi T, Fujimoto Y, Konishi T, Nagayama S, Fukunaga Y, Arai M, Ueno M. Prognostic impact of distribution of lymph node
metastases in stage Ill colon cancer. World J Surg. 2015;39(12):3008-15. https://doi.org/10.1007/500268-015-3190-6.

Sibio S, Fiorani C, Stolfi C, Divizia A, Pezzuto R, Montagnese F, Bagaglini G, Sammartino P, Sica GS. Detection methods and clinical sig-
nificance of free peritoneal tumor cells found during colorectal cancer surgery. World J Gastrointest Surg. 2015;7(9):178-84. https://doi.
org/10.4240/wjgs.v7.i9.178.

Sica GS, Fiorani C, Stolfi C, Monteleone G, Candi E, Amelio |, Catani V, Sibio S, Divizia A, Tema G, laculli E, Gaspari AL. Peritoneal expression
of Matrilysin helps identify early post-operative recurrence of colorectal cancer. Oncotarget. 2015;6(15):13402-15.

Amelio |, Bertolo R, Bove P, Buonomo OC, Candi E, Chiocchi M, Cipriani C, Di Daniele N, Ganini C, Juhl H, Mauriello A, Marani C, Marshall J,
Montanaro M, Palmieri G, Piacentini M, Sica G, Tesauro M, RovellaV, Tisone G, Shi Y, Wang Y, Melino G. Liquid byopsies and canceromics.
Cell Death Discov. 2020;6(1):131. https://doi.org/10.1038/s41420-020-00373-0.

Sibio S, Di Giorgio A, D’Ugo S, Palmieri G, Cinelli L, Formica V, Sensi B, Bagaglini G, Di Carlo S, Bellato V, Sica GS. Histotype influences
emergency presentation and prognosis in colon cancer surgery. Langenbecks Arch Surg. 2019;404(7):841-51. https://doi.org/10.1007/
500423-019-01826-6.

Kotake K, Kobayashi H, Asano M, Ozawa H, Sugihara K. Influence of extent of lymph node dissection on survival for patients with pT2
colon cancer. Int J Colorectal Dis. 2015;30(6):813-20. https://doi.org/10.1007/s00384-015-2194-x.

Slanetz CA Jr, Grimson R. Effect of high and intermediate ligation on survival and recurrence rates following curative resection of colo-
rectal cancer. Dis Colon Rectum. 1997;40(10):1205-18. https://doi.org/10.1007/BF02055167.

Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T. Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2019
for the treatment of colorectal cancer. Int J Clin Oncol. 2020;25(1):1-42. https://doi.org/10.1007/s10147-019-01485-z.

Akagi T, Inomata M, Hara T, Mizusawa J, Katayama H, Shida D, Ohue M, Ito M, Kinugasa Y, Saida Y, Masaki T, Yamamoto S, Hanai T, Yama-
guchi S, Watanabe M, Sugihara K, Fukuda H, Kanemitsu Y, Kitano S. Clinical impact of D3 lymph node dissection with left colic artery
(LCA) preservation compared to D3 without LCA preservation: exploratory subgroup analysis of data from JCOG0404. Ann Gastroenterol
Surg. 2020;4(2):163-9. https://doi.org/10.1002/ags3.12318.

Yasuda K, Kawai K, Ishihara S, Murono K, Otani K, Nishikawa T. Level of arterial ligation in sigmoid colon and rectal cancer surgery. World
J Surg Oncol. 2016;1(14):99. https://doi.org/10.1186/512957-016-0819-3.

@ Springer


https://doi.org/10.1055/s-0039-3402776
https://doi.org/10.1055/s-0039-3402776
https://doi.org/10.1016/j.surg.2020.11.010
https://doi.org/10.1007/s00384-020-03623-w
https://doi.org/10.1007/s00384-020-03623-w
https://doi.org/10.1007/s00384-020-03610-1
https://doi.org/10.1016/j.surg.2020.04.063
https://doi.org/10.1016/j.surg.2020.04.063
https://doi.org/10.1007/s00384-013-1818-2
https://doi.org/10.1007/s00384-013-1818-2
https://doi.org/10.1007/s00384-016-2626-2
https://doi.org/10.1007/s10151-020-02377-5
https://doi.org/10.1245/s10434-016-5720-3
https://doi.org/10.3393/ac.2017.08.05
https://doi.org/10.1007/s00384-021-03951-5
https://doi.org/10.1007/s00464-018-6419-2
https://doi.org/10.1097/DCR.0000000000000720
https://doi.org/10.1007/s10151-019-02135-2
https://doi.org/10.1097/DCR.0b013e3182919093
https://doi.org/10.1007/s00268-015-3190-6
https://doi.org/10.4240/wjgs.v7.i9.178
https://doi.org/10.4240/wjgs.v7.i9.178
https://doi.org/10.1038/s41420-020-00373-0
https://doi.org/10.1007/s00423-019-01826-6
https://doi.org/10.1007/s00423-019-01826-6
https://doi.org/10.1007/s00384-015-2194-x
https://doi.org/10.1007/BF02055167
https://doi.org/10.1007/s10147-019-01485-z
https://doi.org/10.1002/ags3.12318
https://doi.org/10.1186/s12957-016-0819-3

Discover Oncology (2021) 12:24 | https://doi.org/10.1007/512672-021-00419-4 Review

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Sekimoto M, Takemasa |, Mizushima T, Ikeda M, Yamamoto H, Doki Y. Laparoscopic lymph node dissection around the inferior mesenteric
artery with preservation of the left colic artery. Surg Endosc. 2011;25(3):861-6. https://doi.org/10.1007/s00464-010-1284-7.

Titu LV, Tweedle E, Rooney PS. High tie of the inferior mesenteric artery in curative surgery for left colonic and rectal cancers: a systematic
review. Dig Surg. 2008;25(2):148-57. https://doi.org/10.1159/000128172.

Kanemitsu Y, Hirai T, Komori K, Kato T. Survival benefit of high ligation of the inferior mesenteric artery in sigmoid colon or rectal cancer
surgery. BrJ Surg. 2006;93(5):609-15. https://doi.org/10.1002/bjs.5327.

Kream J, Ludwig KA, Ridolfi TJ, Peterson CY. Achieving low anastomotic leak rates utilizing clinical perfusion assessment. Surgery.
2016;160:960-7.

Blank JJ, Gibson EK, Peterson CY, Ridolfi TJ, Ludwig KA. Retroileal anastomosis in hand-assisted laparoscopic left colectomy: experience
at a single institution. Surg Endosc. 2020;34(8):3408-13. https://doi.org/10.1007/s00464-019-07116-y.

Spinoglio G, Petz W, Borin S, Piccioli AN, Bertani E. Robotic right colectomy with complete mesocolic excision and indocyanine green
guidance. Minerva Chir. 2019;74(2):165-9. https://doi.org/10.23736/50026-4733.18.07831-8.

Smyth EC, Nilsson M, Grabsch HI, van Grieken NC, Lordick F. Gastric cancer. Lancet. 2020;396(10251):635-48. https://doi.org/10.1016/
S0140-6736(20)31288-5.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin. 2011;61:69-90. https://doi.org/10.3322/
caac.20107.

Songun |, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgical treatment of gastric cancer: 15-year follow-up results of the
randomised nationwide Dutch D1D2 trial. Lancet Oncol. 2010;11:439-49. https://doi.org/10.1016/51470-2045(10)70070-X.

Lawson JD, Sicklick JK, Fanta PT. Gastric cancer. Curr Probl Cancer. 2011;35:97-127. https://doi.org/10.1016/j.currproblcancer.2011.03.
001.

Wu CW, Hsiung CA, Lo SS, Hsieh MC, Shia LT, Whang-Peng J. Randomized clinical trial of morbidity after D1 and D3 surgery for gastric
cancer. Br J Surg. 2004;91:283-7. https://doi.org/10.1002/bjs.4433.

Sano T, Sasako M, Yamamoto S. Gastric cancer surgery: morbidity and mortality results from a prospective randomized controlled trial
comparing D2 and extended para-aortic lymphadenectomy e Japan Clinical Oncology Group Study 9501. J Clin Oncol. 2004;22:2767-73.
https://doi.org/10.1200/JC0O.2004.10.184.

Sasako M, Sano T, Yamamoto S. D2 lymphadenectomy alone or with para-aortic nodal dissection for gastric cancer. N Engl J Med.
2008;359:453-62. https://doi.org/10.1056/NEJ-M0a0707035.

Tsuburaya A, Mizusawa J, Tanaka Y, Fukushima N, Nashimoto A, Sasako M, Stomach Cancer Study Group of the Japan Clinical Oncology
Group. Neoadjuvant chemotherapy with S-1 and cisplatin followed by D2 gastrectomy with para-aortic lymph node dissection for gastric
cancer with extensive lymph node metastasis. Br J Surg. 2014;101(6):653-60. https://doi.org/10.1002/bjs.9484.

Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010 (ver. 3). Gastric Cancer. 2011;14:113-23. https://
doi.org/10.1007/s10120-011-0042-4.

Roviello F, Pedrazzani C, Marrelli D, Di Leo A, Caruso S. Super-extended (D3) lymphadenectomy in advanced gastric cancer. Eur J Surg
Oncol. 2010;36(5):439. https://doi.org/10.1016/j.€js0.2010.03.008.

De Manzoni G, Verlato G, Bencivenga M, Marrelli D, Di Leo A, Giacopuzzi S, Cipollari C, Roviello F. Impact of super-extended lymphad-
enectomy on relapse in advanced gastric cancer. Eur J Surg Oncol. 2015;41:534-40. https://doi.org/10.1016/j.€js0.2015.01.023.

Cancer IARC. GLOBOCAN 2012 cancer incidence, mortality and prevalence worldwide 2017. http://globocan.iarcfr/old/burden.asp?selec
tion_pop=224900&Text-p=World&selection_cancer=23090&Text-c=Pancreas&pYear=18&type=0&window=1&submit=%C2%A0Exe
cute%C2%A0.

Groot VP, Rezaee N, Wu W, Cameron JL, Fishman EK, Hruban RH. Patterns, timing, and predictors of recurrence following pancreatectomy
for pancreatic ductal adenocarcinoma. Ann Surg. 2017. https://doi.org/10.1097/SLA.0000000000002234.

lelpo B. The issue of how predict survival of patients affected by locally advanced pancreatic cancer. Ann Trans| Med. 2018;6(Suppl
2):5128. https://doi.org/10.21037/atm.2018.12.41.

InoueY, Saiura A, Tanaka M, Matsumura M, Takeda Y, Mise Y. Technical details of an anterior approach to the superior mesenteric artery
during pancreaticoduodenectomy. J Gastrointest Surg. 2016;20(10):1769-77. https://doi.org/10.1007/s11605-016-3214-z.

Inoue 'Y, Saiura A, Yoshioka R, Ono Y, Takahashi M, Arita J. Pancreatoduodenectomy with systematic mesopancreas dissection using a
supracolic anterior artery-first approach. Ann Surg. 2015;262(6):1092-101.

InoueY, Saiura A, Oba A, Kawakatsu S, Ono Y, Sato T, Mise Y. Optimal extent of superior mesenteric artery dissection during pancreati-
coduodenectomy for pancreatic cancer: balancing surgical and oncological safety. J Gastrointest Surg. 2019;23:1373-83. https://doi.
org/10.1007/s11605-018-3995-3.

Pedrazzoli P, DiCarlo V, Dionigi R, Mosca F, Pederzoli P, Pasquali C. Standard versus extended lymphadenectomy associated with pan-
creaticoduodenectomy in the surgical treatment of the head of the pancreas: a multicenter, prospective, randomized study. Lymphad-
enectomy Study Group. Ann Surg. 1998;228:508-17.

Henne-Bruns D, Vogel |, Luttges J. Surgery for ductal adenocarcinoma of the pancreatic head: staging, complications, and survival after
regional versus extended lymphadenectomy. World J Surg. 2000;24:595-602.

Seiler CA, Wagner M, Sadowski C, Kulli C, Buchler MW. Randomized prospective trial of pylorus-preserving vs. classic duodenopancreatec-
tomy (Whipple procedure): initial clinical results. J Gastrointest Surg. 2000;4(5):443-52. https://doi.org/10.1016/s1091-255x(00)80084-0.
Yeo CJ, Cameron JL, Lillemoe KD, Sohn TA, Campbell KA, Sauter PK. Pancreaticoduodenectomy with or without distal gastrectomy and
extended retroperitoneal lymphadenectomy for periampullary adenocarcinoma, part 2: randomized control trial evaluating survival,
morbidity, and mortality. Ann Surg. 2002;236:355-68.

Dillhoff M, Pawlik TM. Role of node dissection in pancreatic tumor resection. Ann Surg Oncol. 2021;28(4):2374-81. https://doi.org/10.
1245/510434-020-09394-6.

Nelson H, Sargent DJ, Wieand HS, Fleshman J, Anvari M, Stryker SJ, Beart RW Jr, Hellinger M, Flanagan R Jr, Peters W, Ota D, Clinical Out-
comes of Surgical Therapy Study Group. A comparison of laparoscopically assisted and open colectomy for colon cancer. N Engl J Med.
2004;350(20):2050-9. https://doi.org/10.1056/NEJM0a032651.

@ Springer


https://doi.org/10.1007/s00464-010-1284-7
https://doi.org/10.1159/000128172
https://doi.org/10.1002/bjs.5327
https://doi.org/10.1007/s00464-019-07116-y
https://doi.org/10.23736/S0026-4733.18.07831-8
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://doi.org/10.1016/S1470-2045(10)70070-X
https://doi.org/10.1016/j.currproblcancer.2011.03.001
https://doi.org/10.1016/j.currproblcancer.2011.03.001
https://doi.org/10.1002/bjs.4433
https://doi.org/10.1200/JCO.2004.10.184
https://doi.org/10.1056/NEJ-Moa0707035
https://doi.org/10.1002/bjs.9484
https://doi.org/10.1007/s10120-011-0042-4
https://doi.org/10.1007/s10120-011-0042-4
https://doi.org/10.1016/j.ejso.2010.03.008
https://doi.org/10.1016/j.ejso.2015.01.023
http://globocan.iarc.fr/old/burden.asp?selection_pop=224900&Text-p=World&selection_cancer=23090&Text-c=Pancreas&pYear=18&type=0&window=1&submit=%C2%A0Execute%C2%A0
http://globocan.iarc.fr/old/burden.asp?selection_pop=224900&Text-p=World&selection_cancer=23090&Text-c=Pancreas&pYear=18&type=0&window=1&submit=%C2%A0Execute%C2%A0
http://globocan.iarc.fr/old/burden.asp?selection_pop=224900&Text-p=World&selection_cancer=23090&Text-c=Pancreas&pYear=18&type=0&window=1&submit=%C2%A0Execute%C2%A0
https://doi.org/10.1097/SLA.0000000000002234
https://doi.org/10.21037/atm.2018.12.41
https://doi.org/10.1007/s11605-016-3214-z
https://doi.org/10.1007/s11605-018-3995-3
https://doi.org/10.1007/s11605-018-3995-3
https://doi.org/10.1016/s1091-255x(00)80084-0
https://doi.org/10.1245/s10434-020-09394-6
https://doi.org/10.1245/s10434-020-09394-6
https://doi.org/10.1056/NEJMoa032651

Review Discover Oncology (2021)12:24 | https://doi.org/10.1007/s12672-021-00419-4

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

Colon Cancer Laparoscopic or Open Resection Study Group. Survival after laparoscopic surgery versus open surgery for colon cancer:
long-term outcome of a randomised clinical trial. Lancet Oncol. 2009;10:44-52. https://doi.org/10.1016/S1470-2045(08)70310-3.
Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MHGM, de Lange-de Klerk ES. A randomized trial of laparoscopic versus open
surgery for rectal cancer. N Engl J Med. 2015;372:1324-32. https://doi.org/10.1056/NEJMoa1414882.

Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, Smith AM. Randomized trial of laparoscopic-assisted resection of colorectal carci-
noma: 3-year results of the UK MRC CLASICC trial group. J Clin Oncol. 2007;25:3061-8. https://doi.org/10.1200/JC0.2006.09.7758.
Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou PJ. Five-year follow-up of the medical research council CLASICC trial of
laparoscopically assisted versus open surgery for colorectal cancer. Br J Surg. 2010;97:1638-45. https://doi.org/10.1002/bjs.7160.
Jeong SY, Park JY, Nam BH, Choi HS, Kim DW, Lim SB. Open versus laparoscopic surgery for mid-rectal or low-rectal cancer after neoadju-
vant chemoradiotherapy (COREAN trial): survival outcomes of an open-label, non-inferiority, randomised controlled trial. Lancet Oncol.
2014;15:767-74. https://doi.org/10.1016/51470-2045(14)70205-0.

Kuhry E, Schwenk WF, Gaupset R, Romild U, Bonjer HJ. Long-term results of laparoscopic colorectal cancer resection. Cochrane
Database Syst Rev. 2008;16: CD003432. https://doi.org/10.1002/14651858.CD003432.pub2.

Arezzo A, Passera R, Scozzari G, Verra M, Morino M. Laparoscopy for rectal cancer reduces short-term mortality and morbidity: results
of a systematic review and meta-analysis. Surg Endosc. 2013;27:1485-502. https://doi.org/10.1007/500464-012-2649-x.

Negoi |, Hostiuc S, Negoi RI, Beuran M. Laparoscopic vs open complete mesocolic excision with central vascular ligation for colon
cancer: a systematic review and meta-analysis. World J Gastrointest Oncol. 2017;9(12):475-91. https://doi.org/10.4251/wjgo.v9.i12.
475.

Subbiah R, Bansal S, Palanivelu PR. Initial retrocolic endoscopic tunnel approach (IRETA) for complete mesocolic excision (CME) with
ventral vascular ligation (CVL) for right colonic cancers: technique and pathological radicality. Int J Colorectal Dis. 2016;31(2):227-33.
https://doi.org/10.1007/s00384-015-2415-3.

West NP, Kennedy RH, Jenkins JT. Morphometric analysis and lymph node yield in laparoscopic complete mesocolic excision performed
by supervised trainees. Br J Surg. 2014;101(11):1460-7. https://doi.org/10.1002/bjs.9602.

Yamamoto S, Inomata M, Kitano S. Short-term surgical outcomes from a randomized controlled trial to evaluate laparoscopic and open
D3 dissection for stage I/ lll colon cancer: Japan Clinical Oncology Group Study JCOG 0404. Ann Surg. 2014;260:23-30. https://doi.org/
10.1097/SLA.0000000000000499.

Simillis C, Lal N, Thoukididou SN, Kontovounisios C, Smith JJ, Hompes R, Adamina M, Tekkis PP. Open versus laparoscopic versus robotic
versus transanal mesorectal excision for rectal cancer: a systematic review and network meta-analysis. Ann Surg. 2019;270(1):59-68.
https://doi.org/10.1097/SLA.0000000000003227.

Degiuli M, De Manzoni G, Di Leo A. Gastric cancer: current status of lymph node dissection. World J Gastroenterol. 2016;22(10):2875-93.
https://doi.org/10.3748/wjg.v22.i10.2875.

Sica GS, laculli E, Biancone L, Di Carlo S, Scaramuzzo R, Gentileschi P, Benavoli D, Gaspari AL. Comparative study of laparoscopic versus
open gastrectomy in gastric cancer management. World J Gastroenterol. 2011;17(41):460-6. https://doi.org/10.3748/wjg.v17.i41.4602.
Sica GS, Campanelli M, Bellato V, Monteleone G. Gastrointestinal cancer surgery and enhanced recovery after surgery (ERAS) during
COVID-19 outbreak. Langenbecks Arch Surg. 2020;405(3):357-8. https://doi.org/10.1007/s00423-020-01885-0.

Kim HH, et al. Morbidity and mortality of laparoscopic gastrectomy versus open gastrectomy for gastric cancer: an interim report—a
phase Il multicenter, prospective, randomized trial (KLASS Trial). Ann Surg. 2010;251(3):417-20. https://doi.org/10.1097/SLA.0b013
e3181cc8f6b.

Katai H, Sasako M, Fakado H, Nakamura H, Hiki N, Saka M. Safety and feasibility of laparoscopy-assisted distal gastrectomy with supra-
pancreatic nodal dissection for clinical stage | gastric cancer: a multicenter phase Il trial (JCOG 0703). Gastric Cancer. 2010;13(4):238-44.
https://doi.org/10.1007/s10120-010-0565-0.

Kim HH, Han SU, Kim MC, Hyung WJ, Kim W, Lee HJ, Ryu SW, Cho GS, Song KY, Ryu SY. Long-term results of laparoscopic gastrectomy for
gastric cancer: a large-scale case-control and case-matched Korean multicenter study. J Clin Oncol. 2014;32:627-33. https://doi.org/10.
1200/JC0O.2013.48.8551.

Lee J, Kim W. Long-term outcomes after laparoscopy-assisted gastrectomy for advanced gastric cancer: analysis of consecutive 106
experiences. J Surg Oncol. 2009;100:693-8. https://doi.org/10.1002/js0.21400.

Lefor AK. Robotic and laparoscopic surgery of the pancreas: an historical review. BMC Biomed Eng. 2019;1:2. https://doi.org/10.1186/
$42490-019-0001-4.

Asbun HJ, Stauffer JA. Laparoscopic vs open pancreaticoduodenectomy: overall outcomes and severity of complications using the
Accordion Severity Grading System. J Am Coll Surg. 2012;215:810-9. https://doi.org/10.1016/j.jamcollsurg.2012.08.006.

Kuroki T, Adachi T, Okamoto T, Kanematsu T. A non-randomized comparative study of laparoscopy-assisted pancreaticoduodenectomy
and open pancreaticoduodenectomy. Hepatogastroenterology. 2012;59(114):570-3. https://doi.org/10.5754/hge11351.

Zureikat AH, Breaux JA, Steel JL, Hughes SJ. Can laparoscopic pancreaticoduodenectomy be safely implemented? J Gastrointest Surg.
2011;15:1151-7. https://doi.org/10.1007/s11605-011-1530-x.

Cho A, Yamamoto H, Nagata M, Takiguchi N, Shimada H, Kainuma O, Souda H, Gunji H, Miyazaki A, Ikeda A, Tohma T, Matsumoto I.
Comparison of laparoscopy-assisted and open pylorus-preserving pancreaticoduodenectomy for periampullary disease. Am J Surg.
2009;198:445-9. https://doi.org/10.1016/j.amjsurg.2008.12.025.

Dedieu A, Rault A, Collet D, Masson B, Sa CA. Laparoscopic enucleation of pancreatic neoplasm. Surg Endosc. 2011;25:572-6. https://
doi.org/10.4174/astr.2014.87.6.285.

Fernandez-Cruz L, MolinaV, Vallejos R, Jiménez Chavarria E, Lopez-Boado MA, Ferrer J. Outcome after laparoscopic enucleation for non-
functional neuroendocrine pancreatic tumours. HPB. 2012;14:171-6. https://doi.org/10.1111/j.1477-2574.2011.00422.x.

lelpo B, Duran H, Diaz E, Fabra |, Caruso R, Malavé L, FerriV, Lazzaro S, Kalivaci D, Quijano Y, Vicente E. Robotic versus laparoscopic distal
pancreatectomy: a comparative study of clinical outcomes and costs analysis. Int J Surg. 2017. https://doi.org/10.1016/j.ijsu.2017.10.
075.

lelpo B, Nufiez-Alfonsel J, Diago MV, Hidalgo A, QuijanoY, Vicente E. The issue of the cost of robotic distal pancreatectomies. Hepatobiliary
Surg Nutr. 2019;8(6):655-8. https://doi.org/10.21037/hbsn.2019.09.23.

@ Springer


https://doi.org/10.1016/S1470-2045(08)70310-3
https://doi.org/10.1056/NEJMoa1414882
https://doi.org/10.1200/JCO.2006.09.7758
https://doi.org/10.1002/bjs.7160
https://doi.org/10.1016/S1470-2045(14)70205-0
https://doi.org/10.1002/14651858.CD003432.pub2
https://doi.org/10.1007/s00464-012-2649-x
https://doi.org/10.4251/wjgo.v9.i12.475
https://doi.org/10.4251/wjgo.v9.i12.475
https://doi.org/10.1007/s00384-015-2415-3
https://doi.org/10.1002/bjs.9602
https://doi.org/10.1097/SLA.0000000000000499
https://doi.org/10.1097/SLA.0000000000000499
https://doi.org/10.1097/SLA.0000000000003227
https://doi.org/10.3748/wjg.v22.i10.2875
https://doi.org/10.3748/wjg.v17.i41.4602
https://doi.org/10.1007/s00423-020-01885-0
https://doi.org/10.1097/SLA.0b013e3181cc8f6b
https://doi.org/10.1097/SLA.0b013e3181cc8f6b
https://doi.org/10.1007/s10120-010-0565-0
https://doi.org/10.1200/JCO.2013.48.8551
https://doi.org/10.1200/JCO.2013.48.8551
https://doi.org/10.1002/jso.21400
https://doi.org/10.1186/s42490-019-0001-4
https://doi.org/10.1186/s42490-019-0001-4
https://doi.org/10.1016/j.jamcollsurg.2012.08.006
https://doi.org/10.5754/hge11351
https://doi.org/10.1007/s11605-011-1530-x
https://doi.org/10.1016/j.amjsurg.2008.12.025
https://doi.org/10.4174/astr.2014.87.6.285
https://doi.org/10.4174/astr.2014.87.6.285
https://doi.org/10.1111/j.1477-2574.2011.00422.x
https://doi.org/10.1016/j.ijsu.2017.10.075
https://doi.org/10.1016/j.ijsu.2017.10.075
https://doi.org/10.21037/hbsn.2019.09.23

Discover Oncology (2021) 12:24 | https://doi.org/10.1007/512672-021-00419-4 Review

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Biancone S, Onali E, Calabrese C, Petruzziello F, Zorzi G, Condino G, Sica GS, Pallone F. Non-invasive techniques for assessing postopera-
tive recurrence in Crohn'’s disease. Dig Liver Dis. 2008;40(2):265-70. https://doi.org/10.1016/51590-8658(08)60536-8.

LucchettiV, Cunningham J, Guadagni D, Roselll FM. Systemic inflammation, as measured by the neutrophil/lymphocyte ratio, may have
differential prognostic impact before and during treatment with fluorouracil, irinotecan and bevacizumab in metastatic colorectal cancer
patients. Med Oncol. 2014;31(9):166. https://doi.org/10.1007/512032-014-0166-6.

Peparini N, Chirletti P. Mesopancreas: a boundless structure, namely R1 risk in pancreaticoduodenectomy for pancreatic head carcinoma.
Eur J Surg Oncol. 2013;39(12):1303-8. https://doi.org/10.1016/j.ejs0.2013.10.012.

Peparini N, Caronna R, Chirletti P. The, “/meso” of the rectum and the “meso” of the pancreas: similar terms but distinct concepts in surgical
oncology. Hepatobiliary Pancreat Dis Int. 2015;14:548-51. https://doi.org/10.1016/51499-3872(15)60417-9.

Sica GS, Djapardy V, Westaby S, Maynard ND. Diagnosis and management of aortoesophageal fistula caused by a foreign body. Ann
Thorac Surg. 2004;77(6):2217-8. https://doi.org/10.1016/j.athoracsur.2003.06.031.

Balciscueta Z, Balciscueta |, Uribe N, Pellino G, Frasson M, Garcia-Granero E, Garcia-Granero A. D3-lymphadenectomy enhances oncologi-
cal clearance in patients with right colon cancer. Results of a meta-analysis. Eur J Surg Oncol. 2021. https://doi.org/10.1016/j.ejs0.2021.
02.020.

Han, Ye X, Wang C, LiuY, Zhang S, Feng W, Huang K, Zhang J. Integration of molecular features with clinical information for predicting
outcomes for neuroblastoma patients. Biol Direct. 2019;14(1):16. https://doi.org/10.1186/s13062-019-0244-y.

Bellomaria A, Barbato G, Melino G, Paci M, Melino S. Recognition of p63 by the E3 ligase ITCH: effect of an ectodermal dysplasia mutant.
Cell Cycle. 2010;9(18):3730-9.

Bellomaria A, Barbato G, Melino G, Paci M, Melino S. Recognition mechanism of p63 by the E3 ligase Itch: novel strategy in the study and
inhibition of this interaction. Cell Cycle. 2012;11(19):3638-48. https://doi.org/10.4161/cc.21918.

Kim SY, Jeong HH, Kim J, Moon JH, Sohn KA. Robust pathway-based multi-omics data integration using directed random walks for
survival prediction in multiple cancer studies. Biol Direct. 2019;14(1):8. https://doi.org/10.1186/513062-019-0239-8.

Nepravishta R, Sabelli R, lorio E, Micheli L, Paci M, Melino S. Oxidative species and S-glutathionyl conjugates in the apoptosis induction
by allyl thiosulfate. FEBS J. 2012;279(1):154-67. https://doi.org/10.1111/j.1742-4658.2011.08407 x.

Mauretti A, Neri A, Kossover O, Seliktar D, Nardo PD, Melino S. Design of a novel composite H2 S-releasing hydrogel for cardiac tissue
repair. Macromol Biosci. 2016;16(6):847-58. https://doi.org/10.1002/mabi.201500430.

Mihaylov |, Kanduta M, Krachunov M, Vassilev D. A novel framework for horizontal and vertical data integration in cancer studies with
application to survival time prediction models. Biol Direct. 2019;14(1):22. https://doi.org/10.1186/513062-019-0249-6.

Liu L, Wang G,Wang L, Yu C, Li M, Song S, Hao L, Ma L, Zhang Z. Computational identification and characterization of glioma candidate
biomarkers through multi-omics integrative profiling. Biol Direct. 2020;15(1):10. https://doi.org/10.1186/s13062-020-00264-5.

Chierici M, Francescatto M, Bussola N, Jurman G, Furlanello C. Predictability of drug-induced liver injury by machine learning. Biol Direct.
2020;15(1):3. https://doi.org/10.1186/513062-020-0259-4.

Khairi S, Osborne J, Jacobs MF, Clines GT, Miller BS, Hughes DT, Else T. Outcome of clinical genetic testing in patients with features
suggestive for hereditary predisposition to PTH-mediated hypercalcemia. Horm Cancer. 2020;11(5-6):250-5. https://doi.org/10.1007/
$12672-020-00394-2.

MacDonald L, Jenkins J, Purvis G, Lee J, Franco AT. The thyroid tumor microenvironment: potential targets for therapeutic intervention
and prognostication. Horm Cancer. 2020;11(5-6):205-17. https://doi.org/10.1007/s12672-020-00390-6.

Oktay K, Santaliz-Casiano A, Patel M, Marino N, Storniolo AMV, Torun H, Acar B, Madak EZ. A computational statistics approach to evaluate
blood biomarkers for breast cancer risk stratification. Horm Cancer. 2020;11(1):17-33. https://doi.org/10.1007/512672-019-00372-3.

Li R, Teng X, Zhu H, Han T, Liu Q. MiR-4500 regulates PLXNC1 and inhibits papillary thyroid cancer progression. Horm Cancer. 2019;10(4-
6):150-60. https://doi.org/10.1007/512672-019-00366-1.

Sileri P, Sica G, Gentileschi P, Venza M, Manzelli A, Palmieri G, Spagnoli LG, Testa G, Benedetti E, Gaspari AL. Ischemic preconditioning
protects intestine from prolonged ischemia. Transplant Proc. 2004;36(2):283-5. https://doi.org/10.1016/j.transproceed.2004.01.078.
Garcia-Granero A, Sanchez-Guillén L, Fletcher-Sanfeliu D, Sancho-Muriel J, Alvarez-Sarrado E, Pellino G, Delgado-Moraleda JJ, Orti LS,
Valverde-Navarro AA, Frasson M. Surgical anatomy of D3 lymphadenectomy in right colon cancer, gastrocolic trunk of Henle and surgical
trunk of Gillot—a video vignette. Colorectal Dis. 2018;20(10):935-6. https://doi.org/10.1111/codi.14358.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/S1590-8658(08)60536-8
https://doi.org/10.1007/s12032-014-0166-6
https://doi.org/10.1016/j.ejso.2013.10.012
https://doi.org/10.1016/S1499-3872(15)60417-9
https://doi.org/10.1016/j.athoracsur.2003.06.031
https://doi.org/10.1016/j.ejso.2021.02.020
https://doi.org/10.1016/j.ejso.2021.02.020
https://doi.org/10.1186/s13062-019-0244-y
https://doi.org/10.4161/cc.21918
https://doi.org/10.1186/s13062-019-0239-8
https://doi.org/10.1111/j.1742-4658.2011.08407.x
https://doi.org/10.1002/mabi.201500430
https://doi.org/10.1186/s13062-019-0249-6
https://doi.org/10.1186/s13062-020-00264-5
https://doi.org/10.1186/s13062-020-0259-4
https://doi.org/10.1007/s12672-020-00394-2
https://doi.org/10.1007/s12672-020-00394-2
https://doi.org/10.1007/s12672-020-00390-6
https://doi.org/10.1007/s12672-019-00372-3
https://doi.org/10.1007/s12672-019-00366-1
https://doi.org/10.1016/j.transproceed.2004.01.078
https://doi.org/10.1111/codi.14358

	Central vascular ligation and mesentery based abdominal surgery
	Abstract
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	4.1 Colorectal cancer
	4.2 Gastric cancer
	4.3 Cancer of the head of the pancreas
	4.4 Laparoscopy and central vascular ligation: is it feasible?

	5 Conclusion
	References




