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Abstract: Management of synchronous colorectal cancer with liver metastases (SCLM) is still on
debate, regarding timing, indications and complications of the 3 strategies: classic approach (first
tumor resection), simultaneous resection and reverse approach (liver first). A retrospective sin-
gle-centre evaluation of synchronous approach was accomplished, focusing on surgical technique,
indications and perioperative complications. Between 2017 and 2020, 31 SCLM patients benefited
from synchronously colorectal and hepatic approach: segmental colectomies/rectal resections,
simultaneously with liver metastasectomies (associated with radiofrequency ablation).
Post-therapeutic imaging monitoring was performed from every 3 to 6 months. There were no
perioperative complications related to the combination of the two procedures, low morbidity and
zero postoperative mortality. The follow-up period was from 10 to 40 months: 13 patients had no
evidence of recurrence, 10 patients had hepatic metastases in regression, 4 of them had signs of
peritoneal carcinomatosis and 4 patients showed progression of liver disease; all patients were on
chemotherapy. During follow-up 4 patients died. Experience shows that the simultaneous ap-
proach of recto-colic and hepatic resections in colo-rectal cancers is a safe procedure, with low
morbidity, the limits being dictated by the size of the liver metastases. The results at long-distance
must be drawn by further consistent trials.

Keywords: Colo-rectal cancer, liver metastasis, simultaneous approach, surgical treatment, chem-
otherapy.

1. Introduction

The metastatic aggression of colorectal cancer is unanimously accepted, with statis-
tical data indicating that approximately 40% - 60% of colorectal cancer patients will de-
velop liver metastases over a lifetime and almost 15% - 25% of newly diagnosed patients
have synchronous liver metastases at the time of diagnosis. Synchronous liver metastases
have a more unfavorable prognosis compared to metachronous lesions, with more ag-
gressive biological features, increased incidence of bilobary metastases and larger size

[1].
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Management of synchronous colorectal cancer with liver metastases (SCLM) is a
current topic of debate, regarding the timing, indications and complications of the 3
strategies: the classic stage approach (primary tumor resection follow by hepatectomy
after 4-6 months of chemotherapy), simultaneous resection (colo -rectal and hepatic re-
section) and reverse stage approach - liver first (initial hepatectomy follow by subsequent
resection of the primary tumor), with results still controversial in the literature [2, 3, 4, 5].
The therapeutic approach of these patients is multidisciplinary, with the involvement of
radiologists, surgeons and oncologists, who must evaluate the margins of liver resection,
therapeutic pillars and their timing, in correlation with the genetic profile of the tumor [6,
7,8,9].

Therapeutic options for patients with SCLM include hepatic resections of variable
amplitude (wedge resection, segmentectomy, lobectomy, multiple resections), chemo-
therapy according to various protocols (5-FU + Leucovorin, FOLFOX/ FOLFIRI either
alone or in combination with VEGF inhibitor — Bevacizumab or EGFR inhibitor - Ce-
tuximab or Panitumumab), as well as various local ablative hepatic therapies (Radiofre-
quency Ablation, Microwave Ablation, Cryoablation, Chemoembolization, Stereotactic
Body Radiotherapy (SBRT), Hepatic Artery Infusion Pump. In the case of extensive he-
patic metastatic disease, the association between liver resections and local ablative ther-
apies, especially radiofrequency, is cited more and more frequently [10, 11, 12, 13].

2. Materials and Methods

We conducted a unicentric retrospective study of the synchronous colorectal and
hepatic approach in SCLM, carried out in the First Surgical Department of the Bucharest
Institute of Oncology, between years 2017 and 2020. In the reference period, 561 colorec-
tal cancers received surgical treatment, of which 129 cases (22,99%) had synchronous
liver metastases at onset; of these, only 31 cases (24,03%) benefited from a synchronous
colorectal and hepatic approach.

The average age of the patients in the group was 52 years, with limits between 31
and 70 years, with a predominance of lesions in men, M / F ratio: 3/1; the primary lesion
was localized in 19 cases at the rectal level and in 12 cases at the colonic level. The size of
the metastases was between 1 and 8 cm, the number of metastases varied between 1 and
10, with a predominantly bilobary location.

The criteria for including patients in the study group consisted of: age—under—70
years, good general condition, total hepatic tumor volume below 40% of liver volume,
maximum 1 metastasis over 5 cm, without extra hepatic secondary lesions (the presence
of intra-abdominal lymph node metastases did not constitute exclusion criterion), resec-
table primary recto-colic tumor, regardless of histological type (T4 tumor was not an ex-
clusion criterion), without macroscopically visible elements of peritoneal carcinomatosis
(Table 1). The possibility of a synchronous hepatocellular carcinoma was also excluded,
an extremely rare, but possible situation, by specific immunological tests [8, 9].

For rectal cancer, patients received trimodality treatment, with short course protocol
radiotherapy 5 x 5 Gy daily fractions, followed by surgery at 7-10 days post radiation and
post-operative systemic treatment.

Colon cancer patients were operated and they received post-operative systemic
treatment.

RO resected patients received 6-month adjuvant chemotherapy, while patients with
residual disease received palliative chemotherapy until disease progression.

Biological agents (Bevacizumab, Cetuximab, Panitumumab) were added according
to national guidelines.

The main elements of the surgical tactic included the initial approach of liver me-
tastases, which aimed at metastasectomies, with a safety limit of 1 cm for superficial le-
sions, in contact with the hepatic capsule, with dimensions less than 5 cm, or radio abla-
tion for deep intraparenchymal lesions, with dimensions less than 5 cm. Both procedures
were performed under vascular control of the hepatic pedicle and suprahepatic veins, for
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metastases with localization in contact with important vascular elements. Regarding the
colorectal resection, it complied with the oncological criteria of resection, including the
total mesorectum excision in the case of rectal cancers, with a preference for external
stoma derivations post-resection, to avoid possible anastomosis complications. Liver
surgery has benefited from standard intraoperative ultrasound and advanced electro
coagulation systems: LigaSure, Argon Electro coagulation, Celon system radiofrequency
ablation (Table 2).

Post-therapeutic monitoring was performed by CT scan / MRI, PET-CT, CEUS at
intervals of 3-6 months, simultaneously with the monitoring of tumor markers (CEA,
CA19.9), with the follow-up of long-term survival, with or without signs of disease, fo-
cusing the evolution of the liver metastases and the other extra hepatic lesions, on an
average period of 26 months, with interval between 10 to 40 months.

The manuscript was analyzed by the ethics committee of the Bucharest Oncological
Institute, finding that it corresponds to current ethical principles, being approved with
registration number 24043 from 09.11.2022.

The study did not include research carried out on laboratory animals.

The research conducted on humans was non-interventional and retrospective type,
respecting the principles of the Declaration of Helsinki.

3. Results

In connection with the immediate postoperative results, it should be noted that was
no increase of intraoperative incidents and accidents in the synchronous approach,
compared to sequential approach. This fact also results from the established surgical
protocol, with restrictive hepatic procedures, which consisted in metastasectomies and
local radio ablation, on the one hand, and recto-colic resections with colostomy (tempo-
rary or permanent), without anastomosis, in cases with increased risk.

Intraoperatively, we mention 4 cases of persistent bleedings in the areas of hepatic
resection, developed deep intraparenchymal, despite the vascular control of the hepatic
pedicle and the suprahepatic veins, solved by coagulation with Argon, parenchymal
sutures and application of haemostatic sponges.

The immediate postoperative course did not record major complications following
hepatic and colorectal surgery, such as digestive or biliary fistulas, hemorrhages, occlu-
sive syndromes or peritonitis; the only one complication was the hepatic cytolysis syn-
drome in 3 cases, when metastasectomies were associated with radio ablation of liver
metastases. Perioperative mortality was zero.

Long-term monitoring was assessed at a mean of 26 months (range 10 to 40 months)
postoperatively.

From the studied group, 13 patients presented with no signs of disease, hepatic or
extra hepatic, at an interval between 11 and 32 months postoperatively. All of them re-
ceived adjuvant chemotherapy. We notice in this group, that the number of metastases
was maximum 3, with dimensions less than 5 cm, and metastasectomies were performed;
regarding the stage of the recto-colic tumor, it was in all cases in early stages T1 / T2.
About lymphatic invasion, it was present in 4 cases of this group.

A second group consists of 14 patients, who survived with residual disease, with
liver metastases in progression or regression, with peritoneal carcinomatosis or extra
hepatic metastases that occurred postoperatively. These patients had more than 3 liver
metastases, some of them larger than 5 cm, for which metastasectomies were associated
with radio ablation, for deep intraparenchymal metastases. Regarding the primary rec-
to-colic tumor, in 4 cases the tumors were in T1 / T2 stage and in other 10 cases in the
advanced T3 / T4 stages, with lymphatic invasion present in 14 cases. In 10 cases residual
disease responded to systemic treatment. In 4 cases patients developed peritoneal carci-
nomatosis, although liver metastases were controlled by complex treatment. Despite
systemic treatment (chemotherapy + anti VEGF or anti EGFR biological agents), in 4 cases
we found progression of the liver disease, with recurrences in the areas of radio ablation
and new metastases in other liver segments.
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The third group includes 4 cases of patients who died during the study, who
showed either continued progression of liver metastases, with local recurrences in the
areas of ablation of liver metastases and lymph node metastases in the liver pedicle, or
developed extra hepatic metastases, with extensive peritoneal carcinomatosis, lung and
bone metastases. The deaths occurred between 10 and 15 months postoperatively, during
this period the patients underwent systemic treatment, the death being caused by liver
failure, and cachexia with severe alterations in the metabolic homeostasis. All these cases
initially presented advanced rectal colic tumors in T3 / T4 stages (Table 3).

4. Discussion

The synchronous colorectal and hepatic approach in SCLM is a unanimously ac-
cepted therapeutic option, with indication in direct relation to the complexity of hepa-
tectomy and colo-rectal resection, extra hepatic extension of the neoplasm and, of course,
the patient's comorbidities. Classical criteria for contraindication of resection of liver
metastases include the presence of more than 4 metastases, the existence of extra hepatic
determinations and the impossibility of a resection margin over 1 cm. At the same time,
the location and size of the metastases and the post resection liver reserve are taken into
account in establishing the indication for resection. Armin Thelen considers that the most
important selection criteria remain the age of the patient and the extent of the associated
liver resection [14].

In our study group, the indication barrier for resection / radio ablation of liver me-
tastases (Fig. 1) was raised to a maximum of 10 liver metastases, of which a maximum of
1 more than 5 cm. We ruled out major liver resections from the beginning, opting for
atypical liver resections or metastasectomies, in combination with radio ablation for vo-
Iuminous and deep metastasis. We considered that any technically resectable metastasis,
by "in situ" resection, under intraoperative ultrasound control, can be approached (Fig. 2)
and metastases over 5 cm to benefit from radio ablation, in this first therapeutic stage. In
this regard, a recent study conducted in 2021 by Dyre Kleive et al [15], states that simul-
taneous colorectal and hepatic resection should be avoided when major resections are
required, both hepatic and colo-rectal and should be further subject of clinical trials. It is
clear that a good postoperative prognostic factor in the simultaneous approach is the size
of liver metastases and the extent of liver resection, confirmed in most studies [16, 17, 18,
19].

The obvious benefits of the synchronous approach were found in the group of pa-
tients in whom complete metastasectomies could be performed and the rectal tumors
were in the early stages, practically an RO resection was possible, without the risk of el-
ements of subclinical carcinomatosis. During the 10 to 40 month monitoring period, these
patients undergoing chemotherapy showed no signs of recurrence of the neoplastic dis-
ease. In an extensive 11-year study of a consistent group of 432 patients conducted by
SKP John [20], long-term survival in patients with liver metastasis resections is strongly
correlated with CEA values > 200ng / ml and a positive resection margin <1 mm, as a
negative prognosis and is not influenced by tumor differentiation, number of metastases,
biliary or vascular invasion, size, relationship to primary disease, lymph node status of
the primary disease, or use of neoadjuvant chemotherapy.

As for the association between radio ablation and resection of liver metastases,
during the hepatic time of the synchronous approach (Fig. 3), the aim was to reduce the
metastatic mass as much as possible, through limited hepatic interventions, in this first
operative time, a fact highlighted in many other studies [21, 22, 23, 24]. Under the condi-
tions of neoplastic disease control, under adjuvant chemotherapy, with the reduction of
metastatic volume, a major hepatic reintervention can be considered for the complete
control of the neoplastic disease. This therapeutic attitude was proposed by T. Livraghi,
under the name "Test of time Approach” [10], the radio ablation of liver metastases can
achieve in some cases complete necrosis, and in other cases a partial control, with the
follow-up of possible development of new intrahepatic metastases, to be included in the
hepatic resection area in a second surgical time, after chemotherapy.
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The advantages of this association resection / radio ablation are found in the group
of patients who survive with signs of disease, in 10 cases out of 14 finding regression and
control under chemotherapy of liver lesions, other 4 cases showing progression of liver
metastatic disease, with recurrences in areas of radio ablation and new secondary lesions
in other liver segments. In only one case was attempted reoperation for a right hepatec-
tomy, after 6 sessions of chemotherapy, in a 31-year-old patient, but due to the elements
of pelvic and perihepatic carcinomatosis, liver resection was contraindicated.

An extremely important element noticed in our study is related to the T stage of the
colorectal tumor, noting the poor evolution at distance in T4 tumors, grafted by the de-
velopment of elements of peritoneal carcinomatosis. In 4 cases out of the 8 cases of T4
stage tumors, the patients developed peritoneal carcinomatosis, under chemotherapy
treatment, which finally led to the decease. In one case peritoneal carcinomatosis con-
traindicated the major liver resection in a second operative time, because of performance
issues.

Regarding long-term survival D. Jaeck [25], in a multicenter study evaluating
long-term survival over 5 years after resection of liver metastases, identifies 4 risk factors:
serous tumor infiltration (T4), peri tumor lymph nodes invasion at the level of the colo-
rectal tumor, increased CEA values and, of course, the hepatic resection margin <lcm;
while other parameters, such as the location of the primary tumor, the number and size
of metastases do not appear to have of statistical significance. Similar results are recorded
in our study: thus, of the 13 disease-free cases, all primary tumors were in the early stages
(T1/ T2) and most without lymphatic regional invasion.

Consequently, starting from this consideration, given the high potential of perito-
neal carcinomatosis in colo-rectal tumors in stage T4, it may be useful to perform a peri-
toneal lavage with cytology, similar to the procedural algorithm in gastric cancer and
with the possible application of a HIPEC protocol, after resection of possible macroscopic
foci of carcinomatosis, or directly, only in conditions of positive cytology. By forcing the
attitude, studies could be performed in the future to apply HIPEC directly, only in the
presence of the tumor in the T4 stage. In this regard, recent studies by Geert A. Simkens
et al. [26], N. B. Arrizabalaga et al. [27], D. Cortes-Guiral et al. [28] indicates that the
treatment of carcinomatosis in patients with liver metastases is still controversial, with-
out significant improvement in survival, but may be applied to carefully selected patients
in clinical trials.

Concerning the complications resulting from the association of hepatic surgical time
with colorectal surgical time, there were no significant complications in this limited
group that would result in reinterventions or death, and we recorded only minimal
post-operative grade 1-2 complications according to Clavien-Dindo Classification, which
makes us to appreciate the value of this type of approach in cases with strict indications,
with trained operating teams, idea present also in ample studies published in the last
years, by Diamantis I Tsilimigras [29] and Ulrich Nitsche [30].

The simultaneous approach, colorectal and respectively hepatic is preferable, as far
as 2016 the published studies are showing, provided that the surgical intervention is
performed by surgeons specialized in colorectal surgery, respectively in hepatobiliary
surgery [31]. The team that treats such a patient must be completed with a medical on-
cologist, a pathologist and a specialist in interventional radiology, in order to be able to
offer to the patients the entire range of oncological or ablative procedures, in addition to
liver surgical resections [31, 32]. It becomes obvious that these patients must be treated in
specialized oncological centers, whether we are talking about a center with multiple
therapeutic abilities, or whether a network is established, in which patients are referred,
depending on their needs, to the medical unit that can provide the optimal treatment, at
the time when it is indicated. Considering that the incidence of colorectal cancer tends to
increase as the economic level of country increases [33, 34], the importance of such spe-
cialized centers for the complex treatment of colorectal cancer is emphasized once more.

For the management of liver lesions, the results obtained after extended or two-stage
hepatectomies are comparable, from the oncological point of view, with minimally inva-
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sive resections; liver tumor ablation methods can be used both independently and asso-
ciated with limited liver resections [ 35, 36], as it results also from our study. Systemic
oncological therapy is useful both to obtain conversion to operability of liver lesions, as
well as to ensure an efficient control over the oncological disease during various staged
procedures [35, 36, 37]. The most important criterion that influences the survival of pa-
tients is related to the complete resection of liver metastases, when it is possible. It has
been shown that a negative resection margin of at least 1 millimeter around a liver me-
tastasis would be optimal, otherwise FOLFOX or FOLFIRI chemotherapy is mandatory
[38, 39].

It is fully accepted that liver metastasis is the most common way of dissemination in
colorectal cancer, approximately half of the patients developing liver metastases and that
the survival time of patients is correlated with a good control of liver metastases [40, 41,
42]. Surgical procedures, ablative techniques and systemic therapy have each proven
their therapeutic potential and, under the conditions of a good control of liver lesions,
metastases with other locations become a subject of interest to prolong the survival of
patients [41, 42]. Recent research shows that, for the control of liver metastases, metas-
tasectomies would be the most effective therapeutic procedure, obtaining a cure in ap-
proximately 20% of cases and a 5-year survival rate of over 50% [42].

This objective regarding the control of liver metastases is not easy to achieve, if we
consider that 80% to 90% of patients with colorectal liver metastases are ineligible for
primary resection [43]. For these patients, a correct evaluation in the tumor board and the
choice of the optimal sequence of multidisciplinary treatment, combining systemic
therapy and ablative techniques, with a double aim: either obtaining the conversion to
surgical respectability, or at least controlling the progression and spread of the cancer
[43] is necessary. Another solution considered recently, for patients with colorectal cancer
and unresectable liver metastases, is regional systemic therapy, delivering chemotherapy
via the hepatic artery. Irinotecan transarterial chemoembolization and transarterial ra-
dioembolization have provided interesting results, but additional studies are needed to
confirm them [44].

All therapeutic procedures addressed to colorectal cancer with liver metastases have
both results and specific risk profiles, but they provide a basis from which individual
treatment strategies for patients with colorectal liver metastases can be selected and
combined. Multidisciplinary treatment and the current transition to personalized therapy
bring major improvements and push the limits of curative treatment in metastatic forms
of colorectal cancer. Surgical procedures aimed at complete tumor clearance represent
the central instrument to achieve long-term survival [45].

5. Conclusions

The experience from ours series of cases shows that the simultaneous approach to
recto-colic and hepatic resections in SCLM, in association with radio ablation of liver
metastases, as a preliminary time is a safe procedure, grafted with low morbidity, the
limits being dictated by the size of the liver secondary lesions, the stage of the recto-colic
tumor, with possible elements of the associated subclinical carcinomatosis. The long-
term results have to be drawn by further consistent trials.

Author Contributions: Conceptualization, Laurentiu Simion; Data curation, Vlad Rotaru, Elena
Chitoran, Laurentia Gales, Sinziana Octavia Ionescu and Ciprian Cirimbei; Formal analysis, Si-
mona Cirimbei, Laurentia Gales, Sinziana Octavia Ionescu and Bogdan Tanase; Investigation, Vlad
Rotaru, Simona Cirimbei, Elena Chitoran and Bogdan Tanase; Methodology, Laurentiu Simion,
Dan Cristian Luca and Ciprian Cirimbei; Project administration, Laurentiu Simion and Ciprian Ci-
rimbei; Resources, Vlad Rotaru, Simona Cirimbei, Dan Cristian Luca and Sinziana Octavia Ionescu;
Software, Elena Chitoran and Dan Cristian Luca; Supervision, Laurentiu Simion; Validation, Lau-
rentia Gales; Visualization, Bogdan Tanase; Writing — original draft, Ciprian Cirimbei; Writing —
review & editing, Laurentiu Simion and Laurentia Gales.

Funding: This research received no external funding.


https://doi.org/10.20944/preprints202211.0178.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 November 2022 d0i:10.20944/preprints202211.0178.v1

Institutional Review Board Statement: The manuscript was analyzed by the ethics committee of
the Bucharest Oncological Institute, finding that it corresponds to current ethical principles, being
approved with registration number 24043 from 09.11.2022.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Okholm, C,; Mollerup, T.K.; Schultz, N.A ; Strandby, R.B.; Achiam, M.P. Synchronous and metachronous liver metastases in
patients with colorectal cancer. Dan Med ] 2018, 65 (12): A5524.

2. Larsson, A.L,; Bjornsson, B.; Jung, B.; Hallb6dk, O.; Vernmark, K.; Berg, K.; Sandstrom, P. Simultaneous or staged resection of
synchronous colorectal cancer liver metastases: a 13-year institutional follow-up. HPB 2021, 24, 1091-1099.
https://doi.org/10.1016/j.hpb.2021.11.019.

3. Baltatzis, M.; Chan, AK.C.; Jegatheeswaran, S.; Mason, ].M.; Siriwardena, A.K. Colorectal cancer with synchronous hepatic
metastases: Systematic review of reports comparing synchronous surgery with sequential bowel-first or liver-first approaches.
European Journal of Surgical Oncology (EJSO) 2016, 42, 159-165. https://doi.org/10.1016/j.€js0.2015.11.002.

4. Vallance, A.E.; Meulen, J.; Kuryba, A.; Charman, S.C.; Botterill, I.D.; Prasad, K.R.; Hill, J.; Jayne, D.G.; Walker, K. The timing of
liver resection in patients with colorectal cancer and synchronous liver metastases: a population-based study of current prac-
tice and survival. Colorectal Disease 2018, 20, 486—-495. https://doi.org/10.1111/codi.14019.

5. Bogach, J.; Wang, J.; Griffiths, C.; Parpia, S.; Saskin, R.; Hallet, J.; Ruo, L.; Simunovic, M.; Serrano. P.E. Simultaneous versus
staged resection for synchronous colorectal liver metastases: A population-based cohort study. International Journal of Surgery
2020, 74, 68-75. https://doi.org/10.1016/j.ijsu.2019.12.009.

6. Thnat, P.; Vavra, P.; Zonca, P. Treatment strategies for colorectal carcinoma with synchronous liver metastases: Which way to
go?. World | Gastroenterol 2015, 21, 7014-7021. https://doi.org/10.3748/wjg.v21.i22.7014.

7. Brouquet, A.; Nordlinger, B. Surgical strategies to synchronous colorectal liver metastases. Dig Dis 2012, 30, 132-136.
https://doi.org/10.1159/000342043. Epub 2012 Nov 23.

8.  Bismuth, H.; Adam, R.; Levi, F.; Farabos, C.; Waechter, F.; Castaing, D et al. Resection of nonresectable liver metastases from
colorectal cancer after neoadjuvant chemotherapy. Ann Surg 1996, 224, 509-520.
https://doi.org/10.1097/00000658-199610000-00009.

9. Daniela, M.; Liliana, P.; Elena, M.E.; Aldea, P.I.LM.; Cristina, M.; Lacramioara, R.E.; Lilia, M.; Laura, D.D.; Laurentiu. S.; Au-
gustin, M.M. Characterization of TP53 polymorphisms in Romanian colorectal cancer patients. ROMANIAN BIOTECHNO-
LOGICAL LETTERS 2018, 23, 14124-14134. https://doi.org/10.26327/RB1.2017.04.

10. Livraghi, T.; Solbiati, L.; Meloni, F.; Ierace, T.; Goldberg, S.N.; Gazelle, G.S. Percutaneous Radiofrequency Ablation of Liver
Metastases in Potential Candidates for Resection, The “Test-of-Time” Approach. CANCER 2003, 97, 3027-3035.
https://doi.org/10.1002/cncr.11426.

11. Hof, J.; Joosten, H.J.; Havenga, K; P. de Jong, K. Radiofrequency ablation is beneficial in simultaneous treatment of synchro-
nous liver metastases and primary colorectal cancer. PLOS ONE 2018,13. https://doi.org/10.1371/journal.pone.0193385.

12. Maida, M.; Macaluso, F.S.; Galia, M.; Cabibbo, G. Hepatocellular carcinoma and synchronous liver metastases from colorectal
cancer in cirrhosis: A case report. World ] Hepatol 2013, 5, 696-700. https://doi.org/10.4254/wjh.v5.i12.696.

13. Gabriela, U.R.; Mihaela, L.C.; Stefan. L.A ; Elena, T.; Laurentiu, S.; Smaranda, I.L. Diagnosis for Optimize Therapy of B Hepa-
titis Virus Infection by Using Biochemical and Molecular Biology Methods Laboratory. REVISTA DE CHIMIE 2016, 67,
2614-2617. https://doi.org/10.37358/Rev.Chim.1949

14. Thelen, A.; Jonas, S.; Benckert, C.; Spinelli, A.; Hanninen, E.L.; Rudolph, B.; Neumann, U.; Neuhaus, P. Simultaneous versus
staged liver resection of synchronous liver metastases from colorectal cancer. Int | Colorectal Dis 2007, 22, 1269-76.
https://doi.org/10.1007/s00384-007-0286-y.

15. Kleive, D.; Aas, E.; Angelsen, ].H.; Bringeland, E.A.; Nesbakken, A.; Nymo, L.S.; Schultz, J.K. Simultaneous Resection of Pri-
mary Colorectal Cancer and Synchronous Liver Metastases: Contemporary Practice, Evidence and Knowledge Gaps. Oncol
Ther 2021, 9, 111-120. https://doi.org/10.1007/s40487-021-00148-2.

16. Griffiths, C.; Bogach, ].; Simunovic, M.; Parpia, S.; Ruo,L.; Hallet,].; Serrano,P.E. Simultaneous resection of colorectal cancer
with synchronous liver metastases; a practice survey. HPB 2020, 22, 728-734. https://doi.org/10.1016/j.hpb.2019.09.012.

17. De Raffele, E.; Mirarchi, M.; Cuicchi, D.; Lecce, F.; Ricci, C.; Casadei, R.; Cola, B.; Minni, F. Simultaneous curative resection of
double colorectal carcinoma with synchronous bilobar liver metastases. World | Gastrointest Oncol 2018, 10, 293-316.
https://doi.org/10.4251/wjgo.v10.i10.293.

18. Slesser, A.A.P; Simillis, C.; Goldin, R.; Brown, G.; Mudan, S.; Tekkis, P.P. A meta-analysis comparing simultaneous versus
delayed resections in patients with synchronous colorectal liver metastases. Surg Oncol 2013, 22, 36-47.
https://doi.org/10.1016/j.suronc.2012.11.002.

19. Shubert, C.R.; Habermann, E.B.; Bergquist, J.R.; Thiels, C.A.; Thomsen, K.M.; Kremers, W.K.; Kendrick, M.L.; Cima, R.C,;
Nagorney, D.M. A NSQIP Review of Major Morbidity and Mortality of Synchronous Liver Resection for Colorectal Metastasis
Stratified by Extent of Liver Resection and Type of Colorectal Resection. Journal of Gastrointestinal Surgery 2015, 19, 1982-1994.
https://doi.org/10.1007/s11605-015-2895-z.



https://doi.org/10.1016/j.hpb.2021.11.019
https://doi.org/10.1016/j.ejso.2015.11.002
https://doi.org/10.1111/codi.14019
https://doi.org/10.1016/j.ijsu.2019.12.009
https://doi.org/10.3748/wjg.v21.i22.7014
https://doi.org/10.1159/000342043
https://doi.org/10.1097/00000658-199610000-00009
https://doi.org/10.26327/RBL2017.04
https://doi.org/10.1002/cncr.11426
https://doi.org/10.1371/journal.pone.0193385
https://doi.org/10.4254/wjh.v5.i12.696
https://doi.org/10.37358/Rev.Chim.1949
https://doi.org/10.1007/s00384-007-0286-y
https://doi.org/10.1007/s40487-021-00148-2
https://doi.org/10.1016/j.hpb.2019.09.012
https://doi.org/10.4251/wjgo.v10.i10.293
https://doi.org/10.1016/j.suronc.2012.11.002
https://doi.org/10.1007/s11605-015-2895-z
https://doi.org/10.20944/preprints202211.0178.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 November 2022 d0i:10.20944/preprints202211.0178.v1

20. John, SK.P.; Robinson, S.M.; Rehman, S.; Harrison, B.; Vallance, A.; French, J.J.; Jaques, B.C.; Charnley, R.M.; Manas, D.M.;
White, S.A. Prognostic factors and survival after resection of colorectal liver metastasis in the era of preoperative chemother-
apy: an 11-year single-center study. Dig Surg 2013, 30, 293-301. https://doi.org/10.1159/000354310.

21. Pawlik, T.M,; Izzo, F.; Deborah, S.; Cohen, M.S.; Morris, J.S.; Curley, S.A. Combined Resection and Radiofrequency Ablation
for Advanced Hepatic Malignancies: Results in 172 Patients. Annals of Surgical Oncology 2003, 10, 1059-1069.
https://doi.org/10.1245/a50.2003.03.026.

22. Masuda, T.; Margonis, G.A.; Andreatos, N.; Wang, J.; Warner, S.; Mirza, M.B.; Angelou, A.; Damaskos, C.; Garmpis, N.; Sasaki,
K.; He, J.; Imai, K.; Yamashita, Y.I.; Wolfgang, C.L.; Baba, H.; Weiss, M.]. Combined Hepatic Resection and Radio-frequency
Ablation for Patients with Colorectal Cancer Liver Metastasis: A Viable Option for Patients with a Large Number of Tumors.
Anticancer Research 2018, 38, 6353-6360. https://doi.org/10.21873/anticanres.12993.

23. Qiu, J.; Chen, S.; Wu, H. Long-term outcomes after hepatic resection combined with radiofrequency ablation for initially un-
resectable multiple and bilobar liver malignancies. Journal of Surgical ~Research 2014, 188, 14-20.
https://doi.org/10.1016/].jss.2013.11.1120.

24. Agcaoglu, O.; Aliyev, S.; Karabulut, K.; Gazzaz, G.E.; Aucejo, F.; Pelley, R.; Siperstein, A.E.; Berber, E. Complementary Use of
Resection and Radiofrequency Ablation for the Treatment of Colorectal Liver Metastases: An Analysis of 395 Patients. World
Journal of Surgery 2013, 37, 1333-1339. https://doi.org/10.1007/s00268-013-1981-1.

25. Jaeck, D.; Bachellier, P.; Guiguet, M.; Boudjema, K; Vaillant, ].K.; Balladur, P.; Nordlinger, B. Long-term survival following
resection of colorectal liver metastases. Association Francaise de Chirurgie. Br | Surg 1997, 84, 977-80.
https://doi.org/10.1002/bjs.1800840719.

26. Simkens, G.A.; Wintjens, A.G.; Rovers, K.P.; Nienhuijs, S.W.; Hingh, I.H. Effective Strategies to Predict Survival of Colorectal
Peritoneal Metastases Patients Eligible for Cytoreductive Surgery and HIPEC. Cancer Management and Research 2021, 13,
5239-5249. https://doi.org/10.2147/CMAR.S5277912.

27. Arrizabalaga, N.B.; Navascués, ].M.E.; Echaniz, G.E.; Ansorena, Y.S.; Galan, C.P.; Martin, X.A.; Pardo, L.V. Prophylactic HIPEC
in pT4 Colon Tumors: Proactive Approach or Overtreatment?. Annals of Surgical Oncology 2020, 27, 1094-1100.
https://doi.org/10.1245/s10434-019-07970-z.

28. Guiral, D.C.; Glehen, O. Expanding Uses of HIPEC for Locally Advanced Colorectal Cancer: A European Perspective. Clin
Colon Rectal Surg 2020, 33, 253-257. https://doi.org/10.1055/s-0040-1713742.

29. Tsilimigras, D.L; Sahara2, K.; Hyer, ].M.; Diaz, A.; Moris, D.; Bagante, F.; Guglielmi, A.; Ruzzenente, A.; Alexandrescu, S.;
Poultsides, G.; Sasaki, K.; Aucejo, F.; Ejaz, A.; Cloyd, ].M.; Pawlik, T.M. Trends and outcomes of simultaneous versus staged
resection of synchronous colorectal cancer and colorectal liver metastases. Surgery 2021, 170, 160-166. https://doi.org/10.1016
/j.surg.2021.01.041.

30. Nitsche, U.; Weber, C.; Kaufmann, B.; Figura, G.; Assfalg, V.; Miller, G.; Friess, H.; Hiiser, N.; Hartmann, D. Simultaneous
Versus Staged Resection of Colorectal Cancer Liver Metastasis: A Retrospective Single-Center Study. | Surg Res 2020, 255,
346-354. https://doi.org/10.1016 / j.jss.2020.05.076.

31. Van, C.E; Cervantes, A.; Adam, R.; Sobrero, A.; Van, K.J.H.; Aderka, D.; Aranda, A.E.; Bardelli, A.; Benson, A.; Bodoky, G.; et
al. ESMO consensus guidelines for the management of patients with metastatic colorectal cancer. Ann Oncol 2016, 27, 1386—422.
https://doi.org/10.1093/annonc/mdw235.

32. Chu, Q.D.; Volmer, C.M.; Zibari, G.B.; Orloff, S.L.; Williams, M.; Gimenez, M.E.; eds. Hepato-Pancreato-Biliary and Transplant
Surgery: Practical Management of Dilemmas. AHPBA: Beaux Books; 2018.

33. Torre, L.A.; Bray, F. Siegel, R.L; Ferlay, J.; Lortet, T.J.; Jemal, A. Global cancer statistics. 2012. CA Cancer ] Clin.
2015;65(2):87-108. Published online February 06, 2015. http://dx.doi.org/10.3322/caac.21262.

34. Bray, F.; Ferlay, J.; Soerjomataram, L; et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018, 68, 394-424. http://dx.doi.org/10.3322/caac.21492.

35. Petrowsky, H.; Fritsch, R.; Guckenberger, M.; De Oliveira, M.L.; Dutkowski, P.; Clavien, P.A. Modern therapeutic approaches
for the treatment of malignant liver tumours. Nat Rev Gastroenterol Hepatol 2020, 17(12), 755-72.
http://dx.doi.org/10.1038/s41575-020-0314-8

36. Baltatzis, M.; Chan, A.K.; Jegatheeswaran, S.; Mason, ].M.; Siriwardena, A.K. Colorectal cancer with synchronous hepatic
metastases: Systematic review of reports comparing synchronous surgery with sequential bowel-first or liver-first approaches.
Eur ] Surg Oncol 2016, 42(2), 159-65. http://dx.doi.org/10.1016/j.€js0.2015.11.002.

37. Brudvik, KW Jones, R.P.; Giuliante, F.; et al. RAS mutation clinical risk score to predict survival after resection of colorectal
liver metastases. Ann Surg 2019, 269, 120-126. https://doi.org/10.1097/SL.A.0000000000002319

38. Miller, C.L.; Taylor, M.S.; Qadan, M.; et al. Prognostic significance of surgical margin size after neoadjuvant FOLFOX and/or
FOLFIRI for colorectal liver metastases. ] Gastrointest Surg 2017, 21, 1831-1840.

39. Jones, R.P.; Brudvik, K.W.; Franklin, ].M.; Poston, G.J. Precision surgery for colorectal liver metastases: opportunities and
challenges of omics-based decision making. Eur | Surg Oncol 2017, 43(5), 875-83. https://doi.org/10.1016/j.€js0.2017.02.014

40. Stewart, C.L.; Warner, S.; Ito, K;; Raoof, M.; Wu, G.X; et al. Cytoreduction for colorectal metastases: liver, lung, peritoneum,
lymph nodes, bone, brain. When does it palliate, prolong survival, and potentially cure? Curr Probl Surg 2018,
Sep;55(9):330-379. https://doi.org/10.1067/j.cpsurg.2018.08.004

41. Chakedis, J.; Schmidt, C.R. Surgical Treatment of Metastatic Colorectal Cancer. Surg Oncol Clin N Am 2018, Apr;27(2):377-399.
https://doi.org/10.1016/.s0¢.2017.11.010

42. Padmanabhan, C.; Nussbaum, D.P.; D'Angelica, M. Surgical Management of Colorectal Cancer Liver Metastases. Surg Oncol
Clin N Am 2021 Jan;30(1):1-25. https://doi.org/10.1016/j.s0¢.2020.09.002



https://doi.org/10.1159/000354310
https://doi.org/10.1245/aso.2003.03.026
https://doi.org/10.21873/anticanres.12993
https://doi.org/10.1016/j.jss.2013.11.1120
https://doi.org/10.1007/s00268-013-1981-1
https://doi.org/10.1002/bjs.1800840719
https://doi.org/10.2147/CMAR.S277912
https://doi.org/10.1245/s10434-019-07970-z
https://doi.org/10.1055/s-0040-1713742
https://doi.org/10.1093/annonc/mdw235
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.1038/s41575-020-0314-8
http://dx.doi.org/10.1016/j.ejso.2015.11.002
https://doi.org/10.1097/SLA.0000000000002319
https://doi.org/10.1016/j.ejso.2017.02.014
https://doi.org/10.1067/j.cpsurg.2018.08.004
https://doi.org/10.1016/j.soc.2017.11.010
https://doi.org/10.1016/j.soc.2020.09.002
https://doi.org/10.20944/preprints202211.0178.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 November 2022 d0i:10.20944/preprints202211.0178.v1

43. Uhlig, J.; Lukovic, J.; Dawson, L.A.; Patel, R.A.; Cavnar, M.].; Kim, H.S. Locoregional Therapies for Colorectal Cancer Liver
Metastases: Options Beyond Resection. Am Soc Clin Oncol Educ Book 2021 Mar;41:133-146. https://doi.org/10.1200/EDBK 320519

44. Raphael, M.].; Karanicolas, P.J. Regional Therapy for Colorectal Cancer Liver Metastases: Which Modality and When?. ] Clin
Oncol 2022 Aug 20;40(24):2806-2817. https://doi.org/10.1200/]CO.21.02505

45. Schiergens, T.S.; Einem, J.; Thomas, M.N.; Albertsmeier, M.; Jung, C.G.; Doérsch, M. Multidisciplinary treatment of colorectal
liver metastases. Minerva Med 2017 Dec;108(6):527-546. https://doi.org/10.23736/S0026-4806.17.05371-X



https://doi.org/10.1200/EDBK_320519
https://doi.org/10.1200/JCO.21.02505
https://doi.org/10.23736/S0026-4806.17.05371-X
https://doi.org/10.20944/preprints202211.0178.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 November 2022 d0i:10.20944/preprints202211.0178.v1

Table 1. Characteristics of the study group

The study group - 31 cases of SCLM - Characteristics of primary colo-rectal tumor and liver

metastases

Liver metastases - Number of cases

Size: 1-3cm;3-5cm;5-8 cm 10;15;6
Number: 1;2-5;6-10 4:19;8
Localization : Unilobar ; bilobary 10; 21

Primary colo-rectal tumor — Number of cases

Colo-rectal tumor stage: T1/T2;T3/T4 4/13; 6/8

Lymphatic invasion : Present ; Absent 23;8
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Table 2. Surgical procedures in the study group

Synchronous surgical approach SCLM — 31 cases
Lesion type Number| Type of colo-rectal procedure Type of hepatic procedure
of cases
Right colon 2 Metastasectomies + vascular control of the hepatic
5/6/8/10 liver 4 cases | 4 Right Hemicolectomies pedicle and suprahepatic veins
metastases bilobary 2 Metastasectomies + Radiofrequency ablation +
vascular control of the hepatic pedicle and
suprahepatic veins
Left colon 6 Left Hemicolectomies 6 Metastasectomies
1/1/2/3/3/3/5/6 2 Left Hemicolectomy with 2 Metastasectomies + Radiofrequency ablation
liver metastases | 8 cases colostomy +
unilobar/bilobary Lymphadenectomy
inter-aortic-cave
Upper rectum 4 cases | 4 Anterior recto-sigmoidian 2 Metastasectomies
2/3/5/6 liver resections with colostomy 2 Metastasectomies + Radiofrequency ablation +
metastases vascular control of the hepatic pedicle and
unilobar/bilobary suprahepatic veins
Middle rectum 9 cases |2 Low anterior resection with 4 Metastasectomies
1/1/3/3/3/4/5/6 TME + colostomy +
/6 liver metastases Lymphadenectomy 5 Metastasectomies
unilobar/bilobary inter-aortic-cave + Radiofrequency ablation
7 Low anterior resections with
TME + colostomy
Lower rectum 6 cases 6 Abdomino - 4 Metastasectomies
2/3/3/4/4/6 liver perineal resections 2 Metastasectomies + Radiofrequency ablation +
metastases vascular control of the hepatic pedicle and
unilobar/bilobary suprahepatic veins
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Table 3. Clinical evolution of patients

Long-term monitoring in study group SCLM — 31 cases

Survive with no signs of disease — 13 cases (41.93%)

Clinical evolution of patients

Survive with signs
of disease

14 cases (45.16%)

Hepatic metastases in regression - 6 cases (19.35%)

Hepatic metastases in progression - 4 cases (12.9%)

Hepatic metastases in regression + peritoneal carcinomatosis —

4 cases (12.9%)

Deceased - 4 cases

(12.9%)

Local recurrences in the areas of ablation of liver metastases

and lymph node metastases in the liver pedicle — 2 cases

Extensive peritoneal carcinomatosis, lung and bone metastases

— 2 cases

Long-term monitoring

mean of 26 months (range 10 to 40 months)

Survival rate

87.09%
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Fig 1. Radioablation of liver metastases, under intraoperatively ultrasound guidance, via open surgery



https://doi.org/10.20944/preprints202211.0178.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 November 2022 d0i:10.20944/preprints202211.0178.v1

Fig. 2 Pre- and post-radioablation CT appearance of liver metastases (postoperatively, 1 month post-procedure)
Destroyed tumours by RFA (radiofrequency ablation) appear as hypodense areas, without changes after contrast injection; a peri-
tumoral halo may appear, generated by hyperemia and the inflammatory reaction

Fig. 2 a: preoperatively

Fig. 2 b: postoperatively
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Fig. 3 Patient with right colon cancer and multiple liver metastases, who underwent right hemicolectomy, concomitant with multi-
ple liver metastasectomies and radiofrequency ablation of unresectable lesions

Fig. 3 a: preoperatively
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Fig. 3 b: postoperatively
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