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Abstract

BACKGROUND

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver
cancer and is characterized by an aggressive behavior and a dismal prognosis.
Radical surgical resection represents the only potentially curative treatment.
Despite the increasing acceptance of laparoscopic liver resection for surgical
treatment of malignant liver diseases, its use for ICC is not commonly performed.
In fact, to achieve surgical free margins a major resection and/or vascular and/or
biliary reconstructions is often needed, as well as an associated lymph node
dissection.

AIM
To review and summarize the current evidences on the minimally invasive
resection of ICC.

METHODS
A systematic review of the literature based on the criteria predetermined by the
investigators was performed from the 1¢ of January 2009 up to the 1+ of January
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2021 in 4 databases (PubMed, Scopus, Google Scholar, and Cochrane databases).
All retrospective and prospective studies reporting on the comparative outcomes
of open vs minimally invasive treatment of ICC were included. An evaluation of
manuscripts quality was achieved using Methodological Index for Non-
Randomized Studies criteria and Newcastle-Ottawa Scale.

RESULTS

After a systematic search 9 studies fulfilled the inclusion criteria. Among the all
3012 included patients, 2450 were operated by an open approach and 562 by a
minimally invasive (laparoscopic) approach. Baseline characteristics, tumor
characteristics, surgical outcomes and oncological outcomes were collected and
analyzed, highlighting values with a statistical significant difference between
patients treated with open or laparoscopic approach. Shorter hospital stay and
lower intraoperative blood losses were reported by some Authors in minimally
invasive surgery, on the contrary, in the open group there was a higher number of
lymphadenectomies and a higher percentage of major hepatectomies.

CONCLUSION

Minimally invasive resection of ICC has some short-term benefits and it is safe
and feasible only in selected centers with a high experience in laparoscopic
approach for liver surgery. Minimally invasive surgery, actually, was considered
mainly in patients with a tumor with a diameter < 5 cm, without invasion of main
biliary duct or main vessel and no vascular or biliary reconstructions were
planned. Further studies are needed to elucidate its impact on long term oncologic
outcomes.

Key Words: Cholangiocarcinoma; Minimally invasive; Laparoscopic; Liver resection;
Hepatectomy; Biliary neoplasm

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Reports on the minimally invasive treatment of intrahepatic cholanciocar-
cinoma are scanty and no clear evidences on the feasibility, safety and oncological
results are currently available. The aim of our study is to review and summarize the
current evidences on the topic and to compare the short and long term outcomes to
those of open surgical resection.

Citation: Patrone R, Izzo F, Palaia R, Granata V, Nasti G, Ottaiano A, Pasta G, Belli A.
Minimally invasive surgical treatment of intrahepatic cholangiocarcinoma: A systematic
review. World J Gastrointest Oncol 2021; 13(12): 2203-2215

URL: https://www.wjgnet.com/1948-5204/full/v13/i12/2203.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i12.2203

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is a rare gastrointestinal malignancy arising
from epithelial cells of the intrahepatic bile ducts (cholangiocytes) and accounts for
10%-15% of all primary liver cancers[1]. ICC is the second most common primary liver
cancer after hepatocellular carcinoma and is characterized by an aggressive behavior
and a dismal prognosis[2]. Its occurrence has progressively raised worldwide during
the past decades with a reported increase of more than 165% in its incidence in the last
35 years in the western world population[3,4] (from 0.49 per 100000 in 1995 to 1.49 per
100000 in 2014 in the United States)[5]. Radical surgical resection represents the only
potentially curative treatment of ICC. Regrettably, less than 40% of patients are eligible
for surgery mainly due to late advanced disease at the time of diagnosis[6].
Considering the lack of effective and established chemotherapeutic options, both in
adjuvant and first line setting, even after radical resection 50% to 60% of patients will
experience a recurrence[7], with a 5 years overall survival of ICC reported to vary from
15% to 40 % after liver resection[8], strongly depending on the presence of poor
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prognostic factors such as lymph nodes involvement, multiple nodules and vascular
invasion[9]. Despite the fact that minimally invasive approach to primary and
metastatic liver cancer is becoming a routine approach in selected patients, showing
improved perioperative outcomes and similar oncological outcomes than open
surgery for the treatment of both hepatocellular carcinoma (HCC)[10,11] and colorectal
liver metastases (CRLM)[12,13], reports on the minimally invasive treatment of ICC
are scanty and no clear evidences on the feasibility, safety and oncological results are
currently available. In a recent systematic review on laparoscopic liver resection,
published in 2016, among 9527 patients only 116 underwent laparoscopic hepatectomy
for ICC[14]. These data strongly reflect the reluctance, even in highly specialized
centers, to embrace the minimally invasive approach for ICC. This is probably
connected to the necessity of performing loco-regional lymphadenectomy, which is a
technically demanding procedure to perform by a minimally invasive approach, and it
is also due to the fact that ICC treatment often requires major hepatectomies or
vascular and/or biliary reconstruction to achieve a R0 resection. In addition, the
Southampton guidelines consensus, despite strongly supporting the adoption of the
laparoscopic approach for both HCC and CRLM, did not address the role of minimally
invasive approach for the surgical management of ICC[15]. Therefore, updates on the
current evidences on the minimally invasive treatment of ICC are urgently needed.
The aim of this study is to review and summarize the current evidences on the topic.

MATERIALS AND METHODS

The present study was accomplished in accordance with the preferred reporting Items
for systematic reviews and meta-analyses (PRISMA) guidelines[16]. A systematic
review of the literature, based on criteria predetermined by the investigators, was
independently performed by two authors (B.A. and P.R.) from the 1* of January 2009
up to the 1 of January 2021 in 4 databases (PubMed, Scopus, Google Scholar, and
Cochrane databases) in order to maximize articles capturing. Discrepancy in data
collection, synthesis and analysis were solved by consensus of all authors. All
retrospective and prospective studies reporting on the comparative outcomes of open
vs minimally invasive treatment of ICC were included. Search terms included: "cholan-
giocarcinoma", "intrahepatic", "laparoscopic", "surgery", "minimally invasive", "robotic
surgery" "biliary neoplasm", "liver resection" and "hepatectomy".
The following Inclusion and exclusion criteria were applied.

Inclusion criteria

(1) English language studies including patients with histologically proved ICC; (2) Use
of a minimally invasive surgical approach (laparoscopic or robotic) for liver resection
of ICC; (3) Comparing open surgery to minimally invasive surgery (laparoscopic or
robotic) for the surgical treatment of ICC; and (4) Studies reporting on at least one
intraoperative, postoperative, and long-term oncological outcomes (operative time,
intraoperative complications, estimated blood loss, blood transfusion rate, length of
stay, RO resection rate, lymph nodes retrieval, postoperative morbidity and mortality
rate, disease free and overall survival rates).

Exclusion criteria

(1) Non-English studies; (2) Animal studies; (3) Non-comparative studies; (4)
Abstracts, expert opinions, editorials, meta-analysis, reviews, and letter to the editors;
(5) Studies reporting inadequate clinical data; and (6) Studies including mixed
pathologies besides ICC; The evaluation of manuscript quality was conducted using
the Methodological Index for Non-Randomized Studies criteria[17] and the Newcastle-
Ottawa Scale[18] to assess the quality of nonrandomized studies in meta-analyses
because of the non-randomized nature of selected papers.

RESULTS

Study inclusion

After systematic search 4835 manuscripts were selected for initial screening. Among
them 1704 papers were duplicates and therefore excluded. Based on title, abstract and
keywords, the Authors selected and analyzed the full-text version of 189 papers. Main
reasons for the exclusion were the absence of patients treated both with laparoscopic

WJGO | https://www.wjgnet.com 2205 December 15,2021 | Volume13 | Issuel2 |



Patrone R ef al. Minimally invasive surgical treatment of ICC

Jaishideng®

and open approach (n = 114) and the inclusion of other types of tumors besides ICC (n
= 36). Further causes of exclusion were population treated with palliative intent or case
series or absence of specific data on the post-operative outcomes. Two studies selected
after full-text analysis were then excluded because more recent studies from the same
authors presented additional updated data. This led to the final selection of 9 studies
which fulfilled the inclusion criteria[19-27]. The search strategy flow diagram is shown
in Figure 1. There were no randomized clinical studies found. All 9 selected papers
were retrospective comparative studies and 7 of them were single center series, one a
bi-institutional analysis[25] and one was based on data from a national database[23].
Geographical distribution of the selected papers was as follows: Italy and United
Kingdom (1), United States (1), Germany (1), Japan (1), Korea (2) and China (3).
Characteristics of the included manuscripts and their quality assessment are
summarized in Table 1.

Among all the 3012 included patients 2450 were operated by an open approach and
562 by a minimally invasive (laparoscopic) approach.

Baseline characteristics

As regards patients’ baseline characteristics no statistically significant differences were
detected in terms of age, sex, body mass index and American Society of Anaesthesi-
ologists score between laparoscopic and open groups in all manuscripts. Eight studies
[20-22,24-28] analyzed the presence of at least one comorbidity and no statistical
difference was reported between laparoscopic and open group. Detailed data are
reported in Table 2.

Tumor characteristics

Tumor size was reported in all, except one[28], of the analyzed studies and in the
study by Martin et al[23] a statistically significant difference between groups was
highlighted with a smaller tumor diameter in the laparoscopic group when compared
to the open group. Seven of the selected manuscripts[20-22,24-26,28] reported data on
preoperative tumors, nodes and metastasis (TNM) staging and CA19.9 values with no
differences between groups. CEA preoperative values were analyzed only in four
studies[20,24,25,28] and no differences were found. Zhu ef al[22], Ratti et al[25] and
Kang et al[26] reported a smaller tumor size in the laparoscopic group but this
difference was adjusted after propensity score matching. Kinoshita et al[24] found no
difference in mean tumor size between the two groups but a higher percentage of
patients in the open group had tumors bigger than 3 cm when compared to the laparo-
scopic group (71% vs 33%). Two[21,22] of the analyzed studies were focused on large
(> 3 cm) or multinodular ICCs. All tumors characteristics were resumed in Table 3.

Operative outcomes

Operative time was analyzed in 8 out of 9 analyzed studies and only in the study by
Zhu et al[22] there was a statistically significant difference in favor of the laparoscopic
group. Intraoperative blood loss was reported by 7 studies and a statistically
significant lower blood loss was found in the laparoscopic group in 4 of them[20,24,25,
28].

With the exception of the national database based study by Martin et al[23], data on
postoperative morbidity were reported in all manuscripts and a lower incidence of
postoperative complications in the laparoscopic group was found in the studies by
Ratti et al[25] and by Haber et al[27].

Laparoscopic approach significantly decreased postoperative hospital stay in four of
seven study[25-28]. Days spent in intensive care unit were analyzed only by two
studies[25,27] with no differences between open and laparoscopic approach.

As regards the type of liver resection, a statistically significant higher rate of major
hepatectomies was reported in the open groups in the studies by Kang et al[26], Martin
et al[23] and Lee et al[20]. Accomplishment of lymph nodes dissection was investigated
by all analyzed studies and in 3 of them[23,25,26] was reported a higher rate of lymph
nodes clearance in the open group but with no difference in nodal status. Six authors
reported histopathological margin data with no difference between R0 and R1 in the
two surgical approaches[20-23,25,26].

Detailed data are reported in Tables 2 and 3.

Oncological outcomes

Eight of the selected studies[20-22,24-28] reported comparative data on the oncological
outcomes expressed as overall and disease free survival and none of them reported
any differences between the open and the laparoscopic group. In the study by Martin
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Table 1 Study characteristics and quality assessment

NOS
Ref. Country Type of study LS 0s - - Minors
Selection Comparability ~ Outcame/Exposure
Wuetal[28],  China RetS-SC  Case control 18 25 Kokok * stk 17
2020 study
Haber et al Germany RetS-SC  Case control 27 31 Kok * *k 16
[27], 2020 study
Kang et al Korea RetS-SC  Propensity 30 61 Hook *k Fokok 18
[26], 2020 score matching
Kinoshita et al  Japan RetS-SC  Case control 15 21 wkk ok *k 18
[24], 2020 study
Ratti et al[25], United RetS-TC  Propensity 104 104 Fokok sk Kk 19
2020 Kingdom- score matching
Italy
Martin et al United States  RetS-DB  Database 312 1997 *k * Kok 15
[23], 2019
Zhu et al[22], China RetS-SC  Propensity 20 63 ok *k ook 19
2019 score matching
Weietal[21],  China RetS-SC  Case control 30 20 Hokok sk ook 19
2017 study
Lee et al[20],  Korea RetS-SC  Case control 14 23 Fokok $ok otk 20
2016 study

LS: Number of patients treated with laparoscopic surgery; OS: Number of patients treated with open surgery; NOS: Newcastle-Ottawa Scale for assessing

the quality of nonrandomised studies.A study can be awarded a maximum of one star (*) for each numbered item within the selection and exposure
categories. A maximum of two stars can be given for comparability. MINORS: Methodological index for non-randomized studies; RetS: Retrospective

study; SC: Single center; TC: Two centres; DB: Data base.
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et al[23] the authors focused electively on the rate of administration of adjuvant
treatments and found no differences related to the surgical approach.

As regards specific variables affecting survival Wu et al[28] identified high
preoperative values of CA19.9, high TNM stage and a poor tumor differentiation as
independent risk factor for worst overall survival (OS) and disease-free survival (DFS)
while Kang et al[26] identified tumor size, nodularity and perineural invasion as
independent factors correlated to lower DFSs.

Kinoshita et al[24], instead, found tumor size (diameter > 3 cm), presence of vascular
invasion and a high CA19.9 levels on preoperative exams to be associated with a
poorer OS.

Lee et al[20], trying to avoid bias, analyzed OS and RFS in laparoscopic liver
resection and open liver resection for all patients by stratifying them by the
accomplishment of lymph nodes dissection and found no difference in between
groups.

Finally, the pattern of recurrence was investigated only in 3 of the selected
manuscripts[20,25,28] with no statistically significant differences between the open
and the laparoscopic approach. Detailed data are reported in Table 3.

DISCUSSION

The current systematic review is focused on the comparative outcomes of open vs
minimally invasive resection of ICC. In fact, even if laparoscopy proved to be an
effective option for the treatment of both HCC and CRLM, offering the benefit of
minimally invasiveness without compromising the oncological outcomes, reports on
the operative and oncological outcomes of minimally invasive treatment of ICC are
scanty and seldom reported. The uncommon adoption of the laparoscopic or robotic
approach for ICC is related to various oncological and technical reasons. First, ICC has
a relative low incidence when compared to others liver malignancies and due to its
aggressive biological behavior is often diagnosed at an advanced stage not suitable for
radical surgery which remains the only potentially curative treatment option[1].
Second, surgery for ICC is often characterized by a high degree of technical difficulty
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Table 2 Preoperative and surgical data

ASA Lymphadenectomy
Ref. SA NP AGE MayorH oT I0BL CONV.
| Il ]| v Yes Number
Wu et al[28], 2020 0S 25 61 19 6 13 (52%) 6 (32%) 6 300 (257-392) 500 (350-750) N/A
LS 18 64 15 3 6 (33%) 8 (33%) 6 305 (207-390) 375 (275-500) 0
Haber et al[27],2020  OS 31 63 1 21 8 1 24 (78%) 29 (94%) 8 282 (112-947) / N/A
LS 27 69 0 15 12 0 19 (70%) 23 (85%) 8 314 (125-439) / 2
Kang et al[26], 2020  OS 61 68 / / / / 53 (88.3%) 46 (75.4%) / 343.2 +106.0 979.3 + 864.4 N/A
LS 30 65 / / / / 20 (66.7%) 9 (30%) / 375.2 % 204.0 1396.7 + 2568.9 6
Kinoshita etal[24],  OS 21 68 / / / / 15 7 (33%) 3 358 (150-634) 500 (105-3710) N/A
2020
LS 15 65 / / / / B 6 (40%) 2 360 (221-802) 150 (20-2500) 0
Ratti ef al[25],2020  OS 209 62 20 58 26 0 38 (36.5%) 92 (88.5%) 7 (5-14) 230 + 60 350 + 250 N/A
LS 114 60 22 56 26 0 35 (33.7%) 87 (83.7%) 8 (5-11) 270 + 65 150 +100 0
Martin et al[23],2019  OS 1997 64 / / / / 1338 (67%) 1210 (61.2%) / / / N/A
LS 312 65 / / / / 137 (44%) 312 (38.5%) / / / /
Zhu et al[22], 2019 0S 63 56 / / / / 43 (68.3%) 27 (42.9%) / 200 (140-320) 400 (50-2000) N/A
LS 20 54 / / / / 11 (55%) 8 (40%) / 225 (140-400) 200 (50-1000) 2
Wei et al[21], 2017 0S 20 60.5 / / / / 11 (55%) 11 (55%) / 230 (125-420) 350 (50-1200) N/A
LS 12 61.5 / / / / 7 (58.3%) 4(33%) / 212.5 (60-500) 350 (30-2000) 0
Lee et al[20], 2016 0s 23 59 0 20 2 1 19 (82.6%) 15 (65.2%) 6 (1-16) 330.0 (140-590) 625 (250-2500) N/A
LS 14 66 0 12 2 0 7 (50%) 5 (35.7%) 4(1-12) 255.0 (140-480) 325 (10-1500) 0

Results for each Author are represented divided in two lines: Open surgery and laparoscopic surgery. LS: Laparoscopic surgery; OS: Open surgery; SA: Surgical approach; NP: Number of patients; Age are expressed in year; ASA:
American Society of Anaesthesiologists physical status classification; MajorH: Major hepatectomy considered as equal or more than 3 resected segments; OT: Operation time expressed in minutes; IOBL: Intra-operative blood loss expressed
in mL; Conv: Number of procedure converted from laparoscopic to open approach. In bold differences with a P value < 0.05.

associated with the need of performing an appropriate lymphadenectomy and,
especially in centrally located tumors, a vascular or biliary reconstruction as well as a
major hepatic resection are often needed to achieve clear surgical margins[29]. These
technical issues have probably slowed down the diffusion of ICC as a valid indication
for a minimally invasive approach. In fact, major hepatectomies, hepatic hilum
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Table 3 Post-operative and oncological data

HM 30-d morbidity
Ref. SA ICUS HS . 90-d morbidity mFU 0s DFS
RO R1  Gradeln Cradell
\"

Wu et al[28], 0s / 9 (7-15) / / 23 2 1 / 20 4
2020

LS / 6 (5-12) / / 17 1 0 / 47.1 0
Haber et al[27], OS 1 (0-6) 12(5-33) 23 8 8 10 0 / / /
2020

LS 1(0-81)  10(3-94) 24 3 3 5 2 / / /
Kang et al[26],  OS / 183+147 / / / 23 0 16.8 81.2 25
2020

LS / 98%51 / / / 8 0 39.2 76.7 65.6
Kinoshita et al (OF) / / 20 1 / 4 / / 36 19
[24], 2020

LS / / 14 1 / 2 / / 32 24
Rattietal[25],  OS 4(3-10)  6(3-21) 99 5 17 8 2 50 47 34
2020

LS 3 (1-5) 4 (2-10) 101 8 11 4 1 39 46 36
Martin et al[23], OS / / 1451 546 / / / / / /
2019

LS / / 247 65 / / / / / /
Zhu et al[22], oS / 7 (3-33) 58 5 22 6 0 24 17 32
2019

LS / 6 (3-9) 19 1 3 1 0 24 21 31
Wei et al[21], oS / 11 (5-30) 19 2 10 3 0 12 32.7 279
2017

LS / 14 (6-23) 12 0 3 2 0 17.5 56.3 43.8
Lee et al[20], 0s / 20 (9-63)  / / 1 4 0 / 75.7 /
2016

LS / 15 (9-29) / / 0 3 0 / 84.6 /

Results for each Author are represented divided in two lines: Open surgery and laparoscopic surgery. LS: Laparoscopic surgery; OS: Open surgery; SA:

Surgical approach; ICUS: Intensive care unit stay in days; HS: Hospital stay in days; HM: Histopathological margins; mFU: Median follow-up in months;

OS: Overall survival expressed in months after surgery; DFS: Disease-free survival expressed in months after surgery. In bold differences with a P value <

0.05.
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lymphadenectomy and biliary reconstructions are technically demanding to perform
by a minimally invasive approach. In addition, to safely perform such procedures an
extensive learning curve is needed[30] and since now this has been unlikely to be
accomplished outside high volume centers with a steady commitment to minimal
invasiveness. Notwithstanding that, recently initial data on the comparative outcomes
of open vs minimally invasive resection of ICC have been published in the literature.
The interest on this topic is, in fact, increasing and the surgical treatment of ICC is
becoming one of the latest field of implementation of minimally invasive liver surgery.
In particular, all the selected articles for this systematic review have been published in
the last 5 years thus reflecting the growing interest on the topic. Nevertheless, despite
the accurate search strategy applied, the current systematic review confirmed the
paucity of current evidences on the minimally invasive approach for ICC. No
randomized comparative studies are currently available and only 9 comparative
retrospective studies were retrieved from the systematic search. Although repres-
entative of the experience of few highly specialized centers for minimally invasive
liver surgery, the analyzed studies proved without doubt the feasibility and safety of
the laparoscopic approach to ICC in patients with a tumor diameter < 5 cm, without
main biliary duct invasion, without large vascular invasion and in which biliary and
vascular reconstructions were not needed. Results from the analyzed studies also
confirmed the typical benefit of minimally invasiveness already demonstrated for the
laparoscopic treatment of HCC and CRLM, even when dealing with ICC. In fact,
several of the analyzed studies reported a benefit of the minimally invasive approach
in terms of peri-operative outcomes when compared to the open approach. In details,
four studies[20,24,25,28] reported a lower intraoperative blood loss associated with the
minimally invasive approach even when dealing with radical lymph nodes clearance
and this is probably related to magnified view and the meticulous dissection
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MEDLINE Scopus Google Scholar Chocrane
Jan, 2009-Jan, 2021 Jan, 2009-Jan, 2021 Jan, 2009-Jan, 2021 Jan, 2009-Jan, 2021
4813 citation(s) 4535 citation(s) 3859 citation(s) 4327 citation(s)

N

4835 citations screened

l 1704 excluded duplicated paper

3131 after duplicated removal

l

Title/abstract screening

l

(1) English language studies including patients with histologically proved ICC
(2) Use of a minimally invasive surgical approach (laparoscopic or robotic) for liver resection of ICC
(3) Comparing open surgery to minimally invasive surgery (laparoscopic or robotic) for the surgical
treatment of ICC

(4) Studies reporting on at least one intraoperative, postoperative, and long-term oncological
outcomes

\

2942 after title/abstract screened

189 articles retrieved

177 articles excluded
after full text screening

12 articles selected

3 articles excluded
during data extraction

9 articles included

Figure 1 PRISMA flow-chart. Figure reported the diagram of our systematic review of the literature, performed in 4 databases from Jan 1, 2009 up to Jan 1,
2021. Search terms included: "cholangiocarcinoma", "intrahepatic”, "laparoscopic”, "surgery", "minimally invasive", "robotic surgery" "biliary neoplasm", "liver
resection" and "hepatectomy”. Inclusion criteria are in the big circle-box. Major reasons for exclusion were the absence of patients treated both with laparoscopic and
open approach (n = 114) and the inclusion of other tumor types besides intrahepatic cholangiocarcinoma (n = 36). Further reasons for exclusion were population
treated with palliative intent or case series or absence of specific data on the post-operative outcomes. This led to the final selection of 9 studies which fulfilled the

inclusion criteria. ICC: Intrahepatic cholangiocarcinoma.

achievable by laparoscopy. Nevertheless, Kang et al[26] described a higher blood loss
rate in the laparoscopic group, but these difference was not statistically significant (P
value = 0.393). Furthermore, four of the analyzed studies[25-28] reported a shorter
hospital stay associated to the laparoscopic approach, thus confirming the benefit of
minimal invasiveness in terms of a faster recovery also in this setting. Finally, despite
the relative initial experience, the studies by Ratti et al[25] and Haber et al[27]
highlighted a benefit in terms of postoperative morbidity in favor of laparoscopy.
However, the reported experiences are mainly focused on mass forming type ICC
without vascular and biliary involvement (away from the liver plate) and, as
highlighted by the large national database-based study by Martin et al[23], patients
operated by laparoscopy had smaller tumor size when compared to those submitted to
an open resection. In addition, a statistically significant higher rate of major hepatec-
tomies was reported in the open groups in 3 of the analyzed studies[20,23,26]. This
reflects the selection bias, which is to be expected when dealing with the appliance of
laparoscopy to a new surgical indication. Indeed, the studies by Zhu et al[22] and Wei
et al[21] were focused on large or multinodular ICCs and both confirmed positive
results similar to those reported by studies with stricter selection criteria. The benefit
of performing a lymphadenectomy for ICC is a debated issue. In fact, up to 40% of
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resected patients can present with lymph nodes involvement[9] and several authors
have highlighted a survival benefit in patients undergoing lymph nodes clearance
associated to liver resections when compared to patients who did not[31]. On the
contrary, discrepant studies reported no survival benefit and an increase in surgical
morbidity associated with lymphadenectomy especially in case of patients with
chronic liver disease[32,33]. Nevertheless, lymph nodes clearance for ICC is a crucial
strategy for a correct staging of surgically resected patients and can both guides the
administration of adjuvant chemotherapy and optimizes clinical risk stratification and
prognostic outcomes. This factor is even more significant if we take into account the
results of the BILCAP study which demonstrated the survival benefit of adjuvant
gemcitabine for biliary tract cancers[34]. Indeed, the 8" edition of the American Joint
Committee on Cancer (AJCC) guidelines recommends to perform lymphadenectomy
with an optimal cut-off of six retrieved nodes for biliary tract cancers[35]. Is therefore
to be expected that regional lymphadenectomy will be implemented in clinical practice
and should be performed irrespectively from the open or minimally invasive surgical
approach adopted. From the current systematic review, a certain under-employment
of regional lymphadenectomy for ICC was highlighted. In fact, a lower rate of lymph
nodes dissection in the laparoscopic group was reported in the studies by Kang et al
[26] and Ratti et al[25]. These data are confirmed by the National Cancer Database
analysis by Martin et al[23] which also highlighted that some form of nodal dissection
was performed in only 58% of patients in the whole study cohort. Indeed, the vast
majority of the published studies reports the initial experiences of selected high
specialized centers and refers to a time preceding the AJCC guidelines diffusion and
application. Therefore, after an initial learning curve, a major adherence to the
guidelines it is likely to be accomplished. It is also to be expected that the accumu-
lation of experience and the improvement of surgical techniques will probably
promote the adoption of the minimally invasive approach for ICC.

In addition, the histopathological margin status is a crucial factor to be considered
when comparing the minimally invasive approach to the standard open resection. In
fact, an RO margin represents the most significant predicting factor of oncological
outcomes and results from our review show a superimposable rate of negative surgical
margin in both approaches. This evidence together with the appropriateness of loco-
regional lymphadenectomy and the reduced intraoperative blood loss reported in the
majority of the analyzed studies, allow us to consider the laparoscopic approach non
inferior to the open one in terms of operative outcomes. Therefore, is not surprising
that the minimally invasive approach has been recently extended to the surgical
treatment of hilar type cholangiocarcinoma[36] and gallbladder cancer[37,38]. These
encouraging pivotal experiences seem to demonstrate the feasibility of minimally
invasive surgery in a setting often requiring the completion of a major hepatic
resection in association with loco-regional lymphadenectomy and the challenge of
biliary reconstructions. It is therefore likely that in the very next future the surgical
research in the field of minimally invasive surgery (MIS) for biliary cancer will be
concentrated on hilar type tumors and on biliary duct resection (with the aid of
Indocianyne green guidance) and reconstruction via duct to duct anastomosis or
hepatico-jejunostomy. In addition, the implementation of the MIS approach for the
surgical treatment of ICC is likely to be promoted by the diffusion of the robotic
platforms. In fact, even if it has been demonstrated by the analyzed studies that an
appropriate lymphadenectomy can be performed safely and effectively by lapa-
roscopy, it requires advanced laparoscopic skills and a long learning curve. The
application of the robotic platform in this setting, thanks to the higher dexterity
achievable with the robotic instruments, which, with the endowrist system, have seven
degrees of freedom, could facilitate an adequate surgical manipulation and the
achievement of an appropriate lymph node clearance in a confined space such as the
hepatic pedicle. The magnified high-resolution 3d stereoscopic view offered by the
robotic platform is also an added value in defining the anatomical structures and can
facilitate biliary reconstructions when needed. As regards the oncologic outcomes, the
data are scanty and not conclusive. Some form of oncological data has been reported
only by eight studies[20-22,24-28] and, even though no differences have been reported
in terms of disease free survival and overall survival in this systematic review, a recent
meta-analysis highlighted a possible trend towards a lower 5 years overall survival for
patients treated with a laparoscopic approach for ICC when compared to those
operated by open approach[39]. Therefore, the interpretation of the oncologic
outcomes needs to be evaluated with extreme caution. In addition, no high quality
evidences are currently available and thus the need for more qualified data is urgent.
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CONCLUSION

In conclusion, the minimally invasive treatment of ICC is currently rarely performed
but is rapidly gaining popularity. Currently available data seems to justify the
implementation of the minimally invasive approach for ICC by demonstrating its
safety and reproducibility and by confirming the well-known advantages of minimally
invasiveness in term of perioperative outcomes also in this setting, as already proven
for other liver neoplasms. Nevertheless, current evidences are based on few studies
with a limited sample size and a short follow-up. In addition, selection criteria for the
minimal invasive approach were highly restrictive (small tumors, generally < 3 cm,
distant from the hilum and not requiring a biliary reconstruction) when compared to
open series and, therefore, at high risk for selection bias. Dedicated study protocols
and analysis of national and international registries are urgently needed to clarify the
real role of minimally invasive surgery in the treatment of ICC and its impact on the
long term oncologic outcomes.

ARTICLE HIGHLIGHTS

Research background

Intrahepatic cholangiocarcinoma represents a very aggressive tumor with poor
prognosis. Nowadays surgical open approach is still the gold standard treatment but
minimally invasive surgery is gaining an important role. No randomized trials are
available on this topic in scientific literature.

Research motivation
Our scientific group aim to contribute to the development of the scientific research on
hepatobiliary minimally invasive surgery.

Research objectives
Our research had the objective to summarize and review the scientific evidences
present in the literature on minimally invasive surgical approach for intrahepatic
cholangiocarcinoma.

Research methods

We performed a systematic review of the literature between 01/01/2009 and
01/01/2021. Our research keywords were: "cholangiocarcinoma", "intrahepatic",
"laparoscopic", "surgery", "minimally invasive", "robotic surgery" "biliary neoplasm",
"liver resection" and "hepatectomy”. We selected only papers comparing open and
laparoscopic approach and reporting at least one intraoperative, postoperative or

oncological outcomes.

Research results

We found 9 papers that fulfilled all inclusion criteria reporting data from 3012 patients
with no differences in baseline characteristic. Almost all operative outcomes were in
favor of laparoscopic groups (blood losses, operative time, hospital stay, post-
operative complications) except for the number of lymphonodes retrieved (higher
number of lymphonodes retrieved in the open groups). No statistical differences in
oncological outcomes were reported.

Research conclusions

Our research demonstrates that very few studies investigated the role of minimally
invasive surgery for intrahepatic cholangiocarcinoma. Currently available data in the
Literature were not consistent enough to consider the laparoscopic approach to ICC as
a standard of care but a steady implementation is likely to be realized in the next
future.

Research perspectives

It is likely that soon the diffusion of robotic surgery and tailored surgery, will promote
the diffusion of minimally invasive approach for intrahepatic cholangiocarcinoma and
will help elucidating its role and the oncological outcomes.
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