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SUMMARY

Keywords

Liver transplantation (LT) has been an established treatment for end-staged liver disease for acute,
chronic, metabolic diseases and liver cancer. Advanced surgical techniques, refined indications
and contraindications for LT, improvements of donor selection, prognostic scorings system and
immunosuppressive regimens have contributed to the improved outcomes of liver transplantation. The
etiologies of cirrhosis have been shifting from viral hepatitis to metabolic associated fatty liver disease.
New indications include peripheral or mass forming bile duct cancer, metastases from bowel cancers
or neuroendocrine tumors. Resection and partial liver segments 2-3 transplantation with delayed total
hepatectomy has been performed to the limited cases, which was the explored technique of auxiliary
partial orthotopic LT. Minimally invasive donor hepatectomy (laparoscopic or robotic) has been
increasingly done. In this review are described the recent pressing topics in LT.

liver transplantation, living donor, hepatocellular carcinoma, metabolic associated steatohepatitis,

bariatric surgery

Liver transplantation (LT) is the only recognized
effective treatment for end-stage liver disease and acute
fulminant liver failure. Nowadays, a good survival (of
> 90% and > 75% at one year and five years) can be
achieved. However, despite recent improvements in
donor and recipient selection, perioperative management
and organ preservation techniques, there are still several
challenges that the transplant community has to face.

1. Metabolic associates steatohepatitis (MASH) for
liver transplantation

1.1. Epidemiology

Metabolic syndrome manifest itself in the liver with
metabolic dysfunction-associated fatty liver disease. It
has affected approximately 25% of the population in the
world. And 25% of them will suffer from the progressive
inflammatory metabolic dysfunction-associated
steatohepatitis (MASH) subtype (/). MASH increases
to 17-42 million depending on a linear or exponential
trendline (2). The growing prevalence has led MASH
as one of the most common indications for LT (3).
According to the United Network for Organ Sharing
and Organ Procurement and Transplantation Network
registry, the number of the patients listing for MASH
have approximately three times in ten years (4).

A study disclosed that the FO—1 developed in 22-26
years in, F2 in 9 years, F3 in 2 years and F4 in | year

(4). The epidemic of MASH will decrease potential
donor pools. It will increase the high-risk recipients.
More than 50% of liver transplant patients are obese or
morbidly obese (5). Obesity will necessitate challenges
in the transplantation. The procedure will be technically
more demanding with increased operation times and the
complications will be expected.

1.2. Bariatric surgery relationship with LT

Bariatric surgery (BS) is a feasible treatment for obesity
adjunct in the LT algorithm. BS plus LT will be more
reliable procedure for weight loss than LT alone. However,
the ideal timing of BS (before, after or simultaneous with
LT) remains established (35).

The BS procedures include balloon insertion in
the stomach, gastric banding, sleeve gastrectomy and
gastric/small bowel bypass (5). Gastric banding is a
less invasive, easy and safe procedure. It will not affect
endoscopic access to the biliary tree. The complications
will include poor efficacy, foreign body infection and
migration of the band (/). Sleeve gastrectomy is effective
for weight loss and accompanies with a balance between
efficacy and safety (5). It does not cause malabsorption,
affect immunosuppressive drug pharmacokinetics
nor prevent access to the bile ducts by the endoscopy.
The complication includes bleeding and leakage from
the staple-line. Roux-en-Y bypass of small bowel has
the largest efficacy for weight loss. However, it is
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invasive and takes the longest duration for weight loss.
Endoscopic access to the biliary tree is bothered and
the immunosuppressive drug pharmacokinetics. The
complications include malabsorption and sarcopenia (5).

BS before LT is safe and associated with zero-
mortality and the reoperation rates ranged 5-17% (6).
The limitations of the approach included that obesity of
LT candidates is less prevalent than that in the general (7).
One third of transplant recipients develop postoperative
metabolic syndrome and/or a de novo obesity. Therefore,
it has remained unclear if BS before LT has really had
an effect on the obesity natural history of the liver
recipients.

BS simultaneous with LT is an attractive idea. It will
reduce the number of surgeries (8,9). In the selected
patients, sleeve gastrectomy and gastric banding will
be effective for weight loss However the rates of the
surgical complications are higher than those in the general
population. A staple line leak rate is 14% and a reoperation
rate is 13%. It can be explained by poor nutritional status
of these patients and immunosuppressive drugs.

BS after LT will be the last possibility (/0-12). The
advantage of the strategy included that it could select the
patients who survived LT and developed obesity after
LT. The procedure is technically demanding. An open
approach is 45% (/7). Morbidity remains higher than
that in the general. A reoperation rate is 33% (/7). Totally
14% of the patients died within one year after BS (/7).

2. LT for cancer except for hepatocellular carcinoma
(HCC)

2.1. Peri-hilar cholangiocarcinoma (CCA)

Outcomes of the LT for peri-hilar CCA has been reported.
The patients undergo neoadjuvant chemoradiotherapy
(with which protocol from Mayo, Toronto, University
of Michigan) (/3). The outcome of the patients who
underwent neoadjuvant chemoradiotherapy with Mayo
protocol and subsequent LT in 17 centers was analyzed
(14). The 5-year disease-free survival was 62%.

The United Network of Organ Sharing (UNOS) has
now offered a model for end stage liver diseases score
exception for peri-hilar CCA. Data from 12 the United
States (US) transplantation centers (n = 287) showed post-
transplant, recurrence- free survival rates at 5 years being
65% (15). Poor prognostic factors included outside the
UNOS criteria (the maximum diameter of the tumor more
than 3 cm, transperitoneal tumor biopsy or metastatic
lesions) or a prior malignancy. The dropout rates from the
waiting list is higher than that of HCC; the cumulative
incidence rates at 6 and 12 months are 13% and 24% for
peri-hilar CCA and 7% and 13% for HCC) (16).

2.2. Intrahepatic CCA

Another primary liver malignant diseases indicated for

LT has included early stage intrahepatic CCA (single, less
than 2 cm in diameter), which is unresectable due to the
location or the poor liver functional reserve. According
to a multicenter study of the 48 patients (/7) were found
to have intrahepatic CCA on explant pathology, 31%
had "early" intrahepatic CCA (single, less than 2 cm in
diameter) and 69% had "advanced" intrahepatic CCA
(single tumor, more than 2 cm in diameter or multiple).
The 1-, 3-, and 5-year recurrence rates in the very
early cohort (7%, 18%, and 18%, respectively) were
significantly lower than those in the advanced cohort
(30%, 47%, and 61%). A median follow-up period was
35 months. The 5- year survival rate was 65% in the very
early cohort, which was higher than that in the advanced
cohort (45%, p = 0.02).

A more recent multi-center French study (/8)
reported outcomes of the patients with intrahepatic CCA
<5 cm who underwent LT (n = 49) or liver resection
(n = 26). It showed that the patients who underwent
LT had a higher 5-year recurrent-free survival (75%
vs. 36%; p = 0.004). Data were shown from a single
US center (/9). The criteria include that unresectable
intrahepatic CCA in normal function liver, without the
vascular involvement of the tumors, no extrahepatic
lesions, treated with gemcitabine-based chemotherapy
with a minimum of 6 months and the radiographic
response. Six of the 12 patients satisfied the criteria and
underwent LT. The overall survival rates were100% and
83% at 1 and 3 years, respectively and the recurrence-
free survival was 50% at 3 years.

A follow up report from the group (20) revealed that
the 18 patients with locally advanced intrahepatic CCA
underwent neoadjuvant therapy and LT. The overall
survival rates at 1-, 3-, and 5-years were 100%, 71%, and
57%, respectively. Seven of the them (39%) developed
the recurrence of CCA.

2.3. Neuro-endocrine tumor (NET)

There are some established selection criteria of LT for
NET. Mazzaferro et al. (21) proposed the Milan NET
criteria (Table 1). They reported that a 5-year overall
and disease-free survival rates were 97% and 89%,
respectively. The 280 patients were referred for LT. Of
them 88 patients (31%) were considered to be indicated
for LT. And 42 patients (15%) actually underwent LT.
The UNOS guidelines for NET (22) include no NET
recurrence for 3 months and lymph node metastatic
lesions, which will turn negative (examined by positron
emission tomography scan) at least 6 months before re-
enlisting.

According to the European liver transplant registry
(ELTR) included the 213 patients who received LT for
NET in 27 years. The tumors were synchronous in 119
patients. Prior to LT, 83% patients underwent resection
of the tumors. The 76% patients underwent nonoperative
treatment (trans-arterial chemoembolization and
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Table 1. LT criteria for neuro-endocrine tumor

Milan criteria
Absolute
G1 or G2 grade
Primary tumor with portal drainage

Extrahepatic lesions are curatively resected before transplantation

Tumor involvement < 50% of liver
Stable disease > 6 months

Relative
Age <60

UNOS guidelines (common with Milan and additionally needed)
Unresectable
Radiographic characteristics of neuro-endocrine tumor

Metastatic tumors are negative by positron emission tomography scan

No extrahepatic lesions > 3 months

If lymph node metastases are detected by positron emission tomography scan, they should become negative < 6 months before re-listing.

LT, liver transplantation; G, graft.

somatostatin analogues). The 1-, 3-, and 5-year overall
survival and disease-free survival rates were 81%, 65%
and 52%, and 65%, 40% and 30%, respectively.

A UNOS data-based study (23) disclosed that the
overall survival rates of the patients who underwent LT
for NET (n = 184) at 1-, 3-, and 5-years were 80%, 61
% and 49%, respectively. Of them 39% occurred prior
to model for end staged liver diseases (MELD) score
introduction. The outcome of the was worse than those
underwent LT after MELD adaptation. After MELD
adaptation, the overall survival rates improve to be 85%,
65%, and 58%, respectively, at 1-,3-, and 5-years.

The study of University of Goteborg (24) showed that
the 15 patients undergoing LT (n = 10) or multi-visceral
transplantation (n = 5). The 5-year overall survival rate
was of 90%. The recurrence-free survival rate was 70%
at 1-year. The age, hepatic involvement, or Ki-67 was
not associated with the outcome. The tumors of the 12
patients were greater than 50% of the total liver. The
tumor proliferation rates were less than 10%.

Lim et al. (25) reported that the 5-year overall
survival rate of the LT patients with NET and liver
metastasis ranged from 41% to 71% which was
comparable with that for the other indications. However
the recurrence rate was higher (31-57%).

2.4. Colorectal liver metastasis (CRLM)
2.4.1. SECA study

The experience of LT for CRLM is still limited. The
SECA-I study (26) was undertaken in Norway. The
surgical outcome of the 21 patients who underwent LT
was compared with that of the 47 patients treated with
chemotherapy. The 5- year survival was higher in the
LT recipients than that of the patients who were treated
only by chemotherapy (56% vs. 9%; p < 0.001). There
was no significant difference between the groups in

median disease-free survival (10 months and 8 months).
In the LT patients, better prognostic factors included the
small tumor (diameter less than 5.5 cm), time interval
between the diagnosis of the primary therapy and the LT
was more than 2 years, serum carcinoembryonic antigen
level less than 80 mg/L and regression or stability of the
CRLM lesions to neoadjuvant therapy.

2.4.2. Living donor liver transplantation (LDLT) for
CRLM

A multi-center series (27) in North America included
the 10 patients who underwent LDLT for CRLM. Of
these, the 9 had synchronous lesions and the other
developed metachronous disease. Three patients with
poor differentiation were included. The median period
from the diagnosis and LDLT was 2 years. Proceeding
treatments to LDLT included liver resection (n = 4), trans
hepatic arterial chemotherapy (n = 3) and tumor ablation
(n = 3). The overall and recurrence-free survival was
100% and 62%, respectively.

Rajendran et al. (28) disclosed a LDLT experience
for CRLM (n = 7). The prior treatment included
chemotherapy (a median of 20-60 cycles) (n = 6) and
partial liver resection (n = 2). The period between the
assessment to LDLT was 15 months. The Oslo score was
0-2. Two patients developed recurrence 3 months after
LDLT. The duration of the assessment to follow-up was
30 months (median). The overall 3-year survival rate
from time of initial assessment was 100%. The 1- and
3-year recurrence-free survival rates were 86% and 69%,
respectively.

To maximize the successful rates, a good timing of
LT is mandatory. From the point of the view, LDLT will
be advantageous. So far, the recurrence rates with LT for
CRLM are higher than those of the other malignancies.
Larger studies comparing LT with chemotherapy or
locoregional therapy may be necessitated.
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Figure 1. Schematic view of APOLT and RAPID. When indicated
for acute liver failure patients, waiting recovering of the native liver,
immunosuppressive drugs will be stopped. The graft will be atrophy,
which will and be removed (A). Indicated for metabolic diseases
which will cause an enzyme deficiency, the graft will be regenerated
and observed (B). Indicated for chronic liver disease, HCC in the left
liver, or familial amyloid polyneuropathy, the resection of native liver
(usually left liver) is resected and a left liver graft is implanted. After
the graft regeneration, the remained diseased liver will be removed (C).
Abbreviations: APOLT, auxiliary partial orthotopic liver transplantation;
RAPID, Resection and partial liver segments 2-3 transplantation with
delayed total hepatectomy; ALF, acute liver failure, CLD, chronic liver
diseases, FAP, familial amyloid polyneuropathy; G, graft.

2.5. Resection and partial liver segments 2-3 transplantation
with delayed total hepatectomy (RAPID) procedure or
auxiliary partial orthotopic liver transplantation (APOLT)

RAPID is a newly advocated concept, which is an
extrapolation of auxiliary partial orthotopic liver
transplantation (APOLT), which has been a long-used
procedure. APOLT is a heterotopic implantation of a
partial liver graft. When indicated for acute liver failure
patients, the graft supports the liver function until the
functional recovery of the native liver. Recovering of the
native liver, immunosuppressive drugs will be stopped.
The graft will be atrophy, which will be surgically
removed (Figure 1A). When indicated for metabolic
diseases which will cause an enzyme deficiency for
example citrullinemia, the graft will be regenerated and
observed (Figure 1B).

On the other hand, indicated for chronic liver disease,
HCC in the left liver, the resection of native liver (usually
left liver) with the transplantation of a left liver graft
as a first step to secure a space for a graft. After the
graft being regenerated, the diseased native liver will
be removed in a second stage operation (Figure 1C).
Familial amyloid polyneuropathy is a good indication.

This procedure is now called RAPID (29). A recent
report (30) indicated that patients with a MELD score
< 27 and moderate portal hypertension (3/) can be
indicated for RAPID.

3. Minimum invasive procedures for donor
hepatectomy

3.1. Laparoscopic donor hepatectomy (right liver) (32)

The donor is placed in the reverse Trendelenburg and
lithotomy position. The 5 trocars are used: the 12-mm
trocar in the umbilicus for a flexible laparoscope, another
12-mm trocar below the right costal margin and at the
mid-clavicular line, both the 5-mm port and the 10-mm
trocar below the xiphoid process for retraction of the
liver and the 5-mm trocar in the left costal margin of the
mid-clavicular line. Intra-operative cholangiography is
not performed.

Liver dissection was done with a Cavitron ultrasonic
surgical aspirator and a laparoscopic bipolar coagulator
without inflow occlusion. The parenchymal transection
line was determined by the branching pattern of middle
hepatic vein (MHV) under ultrasound observation. The
hepatic artery and portal vein were divided using Hem-o-
lok. The right hepatic vein is closed with vascular stapler.
The graft is resected, put in a retrieval bag and extracted
through a 10-cm sized supra-pubic transverse incision.

3.2. Robotic Procedure (33)

The donors is in a 20-30 degrees reverse Trendelenburg
position. The right shoulder will be upward (34). The 12-
mm port is placed in the umbilicus. Four §-mm trocars
are placed on the right and left flank.

First, the inferior vena cava (IVC) ligaments are
mobilized and the window between the right hepatic
vein (RHV) and IVC was exposed. The liver is rotated to
the left using the third arm. The short and right inferior
hepatic veins are divided and ligated. The right I liver
was caudally to cranially mobilized until the root of the
RHYV is clearly identified.

Next, with the S4b segment lifted, the right hepatic
artery and right portal vein are dissected and taped with
a vascular loop. The right hepatic duct along Glisson's
sheath were dissected. The fluorescent cholangiography
was done for identifying the bile duct anatomy.

To expose the parenchyma 4-directional retraction is
performed without inflow control. The hanging procedure
is done using a Nelaton tube for lateral retraction. Liver
parenchyma is transected with a Harmonic scalpel.
Hemostasis was achieved with bipolar coagulation. V5
and V8 branches were clipped with Hemo-lok. Hepatic
hilum and hepatic vein are divided.

3.3. Comparison between Minimum invasive and open
for donor hepatectomy
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The meta-analysis (35) showed the postoperative
outcome of the donors who underwent right liver
resection by a robotic or laparoscopic liver resection and
conventional open approach. There were no statistical
difference between the two groups in the complications
> Dindo-Clavien classification Illa, the estimated blood
loss, or the length of postoperative hospital stay.

In 6 centers, totally 1194 donors underwent a right
liver resection by a robotic (n = 92), laparoscopic (n =
306) and open approach (n = 796) (36). Conversions
to open approach were in 1 (1%) robotic and 2 (2%)
laparoscopic approach, respectively. Robotic approach
had a longer operative time but reduced volume of
donor blood loss (p < 0.001). There was no significant
difference between the two arms in overall and Dindo-
Clavien classification > Illa complications. The donors
by robotic hepatectomy had significantly less pain (p <
0.001).

4. Conclusions

The perioperative care and surgical techniques
advancement have allowed the surgeons to use grafts
with extended criteria. TIn the new era of transplant
oncology (37) and constant innovation of surgical
techniques, the field of LT may have continued to evolve
progress also from now on.

Funding: None.

Conflict of Interest. The authors have no conflicts of
interest to disclose.

References

1. Battistella S, D'Arcangelo F, Grasso M, Zanetto A,
Gambato M, Germani G, Senzolo M, Russo FP, Burra P.
Liver transplantation for non-alcoholic fatty liver disease:
Indications and post-transplant management. Clin Mol
Hepatol. 2023; 29:S286-S301.

2. Ahmed O, Liu L, Gayed A, Baadh A, Patel M, Tasse J,
Turba U, Arslan B. The changing face of hepatocellular
carcinoma: Forecasting prevalence of nonalcoholic
steatohepatitis and hepatitis C cirrhosis. J Clin Exp
Hepatol. 2019; 9:50-55.

3. Zarrinpar A, Busuttil RW. Liver transplantation: past,
present and future. Nat Rev Gastroenterol Hepatol. 2013;
10:434-440.

4. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison
SA, Younossi ZM, Ahmed A. Nonalcoholic steatohepatitis
is the second leading etiology of liver disease among
adults awaiting liver transplantation in the United States.
Gastroenterology. 2015;148:547-555.

5. Moctezuma-Velazquez C, Marquez-Guillén E, Torre A.
Obesity in the liver transplant setting. Nutrients. 2019;
11:2552.

6. Lin MY, Tavakol MM, Sarin A, Amirkiai SM, Rogers SJ,
Carter JT, Posselt AM. Safety and feasibility of sleeve
gastrectomy in morbidly obese patients following liver

10.

12.

13.

14.

15.

16.

17.

20.

transplantation. Surg Endosc. 2013;27:81-85.

Richards J, Gunson B, Johnson J, Neuberger J. Weight
gain and obesity after liver transplantation. Transpl Int.
2005; 18:461-466.

Campsen J, Zimmerman M, Shoen J, Wachs M, Bak
T, Mandell MS, Kam 1. Adjustable gastric banding in a
morbidly obese patient during liver transplantation. Obes
Surg. 2008; 18:1625-1627.

Heimbach JK, Watt KD, Poterucha JJ, Ziller NF, Cecco
SD, Charlton MR, Hay JE, Wiesner RH, Sanchez W,
Rosen CB, Swain JM. Combined liver transplantation
and gastric sleeve resection for patients with medically
complicated obesity and end-stage liver disease. Am J
Transplant. 2013; 13:363-368.

Al-Nowaylati AR, Al-Haddad BJ, Dorman RB, Alsaied
OA, Lake JR, Chinnakotla S, Slusarek BM, Sampson BK,
Ikramuddin S, Buchwald H, Leslie DB. Gastric bypass
after liver transplantation. Liver Transpl. 2013; 19:1324-
1329.

Lin MY, Tavakol MM, Sarin A, Amirkiai SM, Rogers SJ,
Carter JT, Posselt AM. Safety and feasibility of sleeve
gastrectomy in morbidly obese patients following liver
transplantation. Surg Endosc. 2013; 27:81-85.
Gentileschi P, Venza M, Benavoli D, Lirosi F,
Camperchioli I, D'Eletto M, Lazzaro A, Stolfi VM,
Anselmo A, Di Lorenzo N, Tisone G, Gaspari AL.
Intragastric balloon followed by biliopancreatic diversion
in a liver transplant recipient: a case report. Obes Surg.
2009; 19:1460-1463.

Giovinazzo F, Pascale MM, Cardella F, Picarelli M,
Molica S, Zotta F, Martullo A, Clarke G, Frongillo
F, Grieco A, Agnes S. Current Perspectives in Liver
Transplantation for Perihilar Cholangiocarcinoma. Curr
Oncol. 2023; 30:2942-2953.

Breuer E, Mueller M, Doyle MB, et al. Liver
Transplantation as a New Standard of Care in Patients
With Perihilar Cholangiocarcinoma? Results From an
International Benchmark Study. Ann Surg. 2022; 276:846-
853.

Darwish Murad S, Kim WR, Therneau T, Gores GJ, Rosen
CB, Martenson JA, Alberts SR, Heimbach JK. Predictors
of pretransplant dropout and posttransplant recurrence in
patients with perihilar cholangiocarcinoma. Hepatology.
2012; 56:972-981.

Ziogas 1A, Hickman LA, Matsuoka LK, Izzy M,
Montenovo MI, Rega SA, Feurer ID, Alexopoulos
SP. Comparison of Wait-List Mortality Between
Cholangiocarcinoma and Hepatocellular Carcinoma Liver
Transplant Candidates. Liver Transpl. 2020; 26:1112-
1120.

Sapisochin G, Facciuto M, Rubbia-Brandt L, et al.
Liver transplantation for "very early" intrahepatic
cholangiocarcinoma: International retrospective study
supporting a prospective assessment. Hepatology. 2016;
64:1178-1188.

De Martin E, Rayar M, Golse N, et al. Analysis of Liver
Resection Versus Liver Transplantation on Outcome of
Small Intrahepatic Cholangiocarcinoma and Combined
Hepatocellular-Cholangiocarcinoma in the Setting of
Cirrhosis. Liver Transpl. 2020; 26:785-798.

Lunsford KE, Javle M, Gaber AO, Vauthey JN,
Ghobrial RM. Liver transplantation for locally advanced
intrahepatic cholangiocarcinoma — Authors' reply. Lancet
Gastroenterol Hepatol. 2018; 3:529-530.

Terrault NA, Francoz C, Berenguer M, Charlton M,

www.biosciencetrends.com



BioScience Trends. 2024, 18(3):206-211.

211

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Heimbach J. Liver Transplantation 2023: Status Report,
Current and Future Challenges. Clin Gastroenterol
Hepatol. 2023; 21:2150-2166.

Mazzaferro V, Sposito C, Coppa J, Miceli R, Bhoori S,
Bongini M, Camerini T, Milione M, Regalia E, Spreafico C,
Gangeri L, Buzzoni R, de Braud FG, De Feo T, Mariani
L. The Long-Term Benefit of Liver Transplantation for
Hepatic Metastases From Neuroendocrine Tumors. Am J
Transplant. 2016; 16:2892-2902.

Maspero M, Rossi RE, Sposito C, Coppa J, Citterio D,
Mazzaferro V. Long-term outcomes of resection versus
transplantation for neuroendocrine liver metastases
meeting the Milan criteria. Am J Transplant. 2022;
22:2598-2607.

Nguyen NT, Harring TR, Goss JA, O'Mahony CA.
Neuroendocrine Liver Metastases and Orthotopic Liver
Transplantation: The US Experience. Int J Hepatol. 2011;
2011:742890.

Olausson M, Friman S, Herlenius G, Cahlin C, Nilsson O,
Jansson S, Wingberg B, Ahlman H. Orthotopic liver or
multivisceral transplantation as treatment of metastatic
neuroendocrine tumors. Liver Transpl. 2007; 13:327-
333.

Lim C, Lahat E, Osseis M, Sotirov D, Salloum C, Azoulay
D. Liver Transplantation for Neuroendocrine Tumors:
What Have We Learned? Semin Liver Dis. 2018; 38:351-
356.

Dueland S, Guren TK, Hagness M, Glimelius B, Line
PD, Pfeiffer P, Foss A, Tveit KM. Chemotherapy or liver
transplantation for nonresectable liver metastases from
colorectal cancer? Ann Surg. 2015; 261:956-960.
Hernandez-Alejandro R, Ruffolo LI, Sasaki K, et al.
Recipient and Donor Outcomes After Living-Donor Liver
Transplant for Unresectable Colorectal Liver Metastases.
JAMA Surg. 2022; 157:524-530.

Rajendran L, Claasen MP, McGilvray ID, Cattral MS,
Ghanekar A, Selzner N, Burkes R, Winter E, Gallinger
S, Sapisochin G. Toronto Management of Initially
Unresectable Liver Metastasis from Colorectal Cancer in a
Living Donor Liver Transplant Program. J] Am Coll Surg.
2023;237:231-242.

Nadalin S, Settmacher U, Rauchfull F, Balci D,
Konigsrainer A, Line PD. RAPID procedure for colorectal
cancer liver metastasis. Int J Surg. 2020; 825:93-96.

Balci D, Kirimker EO, Bingol Kologlu M, Ustuner E,
Goktug UU, Karadag Erkoc S, Yilmaz AA, Bayar MK,
Azap A, Er RE, Dokmeci A, Karayalcin K. A New
Approach for Increasing Availability of Liver Grafts and
Donor Safety in Living Donor Liver Transplantation:

31.

32.

33.

34.

35.

36.

37.

LD-RAPID Procedure in the Cirrhotic Setting With
Hepatocellular Carcinoma. Liver Transpl. 2021; 27:590-
594.

Deuffic-Burban S, Mathurin P, Rosa I, Bouvier AM,
Cannesson A, Mourad A, Canva V, Louvet A, Deltenre P,
Boleslawski E, Truant S, Pruvot FR, Dharancy S. Impact
of emerging hepatitis C virus treatments on future needs
for liver transplantation in France: a modelling approach.
Dig Liver Dis. 2014; 46:157-163.

Lee B, Choi Y, Han HS, Yoon YS, Cho JY, Kim S, Kim
KH, Hyun IG. Comparison of pure laparoscopic and open
living donor right hepatectomy after a learning curve. Clin
Transplant. 2019; 33:e13683.

Chen PD, Wu CY, Hu RH, Ho CM, Lee PH, Lai HS, Lin
MT, Wu YM. Robotic liver donor right hepatectomy: A
pure, minimally invasive approach. Liver Transpl. 2016;
22:1509-1518.

Broering DC, Elsheikh Y, Alnemary Y, Zidan A, Elsarawy
A, Saleh Y, Alabbad S, Sturdevant M, Wu YM, Troisi RI.
Robotic Versus Open Right Lobe Donor Hepatectomy for
Adult Living Donor Liver Transplantation: A Propensity
Score-Matched Analysis. Liver Transpl. 2020; 26:1455-
1464.

Lai Q, Giovanardi F, Mennini G, Berardi G, Rossi M. The
impact of mini-invasive right hepatectomy in the setting
of living donation: A meta-analysis. Updates Surg. 2022;
74:23-34.

Troisi RI, Cho HD, Giglio MC, Rhu J, Cho JY, Sasaki K,
Han DH, Kwon CHD, Han HS, Chen PD, Wu YM, Choi
GH, Choi GS, Kim KH. Robotic and laparoscopic right
lobe living donation compared to the open approach: A
multicenter study on 1194 donor hepatectomies. Liver
Transpl. 2024; 30:484-492.

Sapisochin G, Hibi T, Toso C, Man K, Berenguer M,
Heimbach J, Greten TF, Pugh TJ, Dawson LA, Mazzaferro
V. Transplant oncology in primary and metastatic liver
tumors: principles, evidence, and opportunities. Ann Surg.
2021;273:483-493.

Received June 15, 2024; Accepted June 27, 2024.

*Address correspondence to:

Yasuhiko Sugawara, Transplantation/Pediatric Surgery,
Postgraduate School of Life Science, Kumamoto University,
1-1-1 Honjo, Chuo-Ku, Kumamoto 8603-8556, Japan.

E-mail: yasusuga-tky@umin.ac.jp

Released online in J-STAGE as advance publication June 29,
2024.

www.biosciencetrends.com



