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Abstract.

Liver transplantation (LT) for unresectable colorectal liver metastases has long been abandoned
because of dismal prognoses. After the dark ages, advances in chemotherapy and diagnostic imaging
have enabled strict patient selection, and the pioneering study from the Oslo group has contributed
to the substantial progress in this field. For unresectable neuroendocrine liver metastases, LT for
patients who met the Milan criteria was able to achieve excellent long-term out- comes. The
guidelines further adopted in the United States and Europe were based on these criteria. For
hepatoblastoma, patients with unresectable and borderline-resectable disease are considered good
candidates for LT; however, the indications are yet to be defined. In the budding era of transplant
oncology, it is critically important to recognize the current status and unsolved questions for each
disease entity. These guidelines were developed to serve as a beacon of light for optimal patient
selection for LT and set the stage for future basic and clinical studies.

INTRODUCTION

Indications of liver transplantation (LT) for unresectable colorectal liver metastases (CRLM),
neuroendocrine liver metastases (NETLM), and hepatoblastoma have been care- fully expanded over
time. In the era of transplant oncology, LT is no more a radical approach; it is expected to play a
pivotal role in multidisciplinary cancer treatment. We should be aware that there are common and
diseasespecific pitfalls among these entities. The following recommendations are intended for use
only by experts in specialized centers and should be interpreted carefully according to each patient’s
condition and the healthcare system.

COLORECTAL LIVER METASTASES

LT was considered to be contraindicated for unresectable CRLM because of the poor prognoses of
<20% survival at 5 years for patients treated in the 1980s and 1990s.1-3 The groundbreaking SECA-I
(Secondary CAncer) trial was launched in 2006 at the Oslo University Hospital. The study group could
allocate deceased donors to patients with CRLM because of the peculiar situation in Norway where
the number of donors surpassed that of potential recipi- ents. In 2013, the investigators of SECA-I
demonstrated an acceptable 5-year overall survival of 60% among 21 patients with liver-only CRLM
who underwent LT after at least 6 weeks of neoadjuvant chemotherapy. Four clinical factors were
associated with significant worse survival: tumor diameter >5.5 cm, carcinoembryonic antigen >80
ug/L, time interval from resection of the primary to LT< 2 years, and progression of the metastatic
disease while on chemotherapy. They were integrated to establish the Oslo score (humber of risk
factors ranging from 0 to 4) that stratifi the patients into 3 subgroups (0-1, 2—-3, and 4). There were
no 5-year survivors in the subgroups of patients with all 4 factors. In addition, although 19 of 21
recipients experienced disease recurrence, the authors found 2 distinct patterns of recurrence: lung-
only metastases versus multiple sites including the liver graft. It is noteworthy that the type

of recurrence signify impacted survival.5 Furthermore, the SECA-II trial investigated colorectal cancer
patients who underwent LT for nonresectable liver-only metastases confi by computed
tomography/magnetic resonance imaging/positron emission tomography, with at least 10% response
to chemotherapy, and with a time interval between diagnosis to LT of >1 year. Under these more
stringent selection criteria compared with those of SECA-I, the study group reported even better
outcomes of 83% overall sur-



vival at 5 years for 15 patients.6 More recently, the same group described that 13 of 19 patients (14
and 5 patients from the SECA-I and SECA-II trials, respectively) with an Oslo score of 0-2 enjoyed a 5-
year overall survival of 67% compared with 17% in patients with an Oslo score of 3—4, with a median
follow-up of 85 months.7 The authors under- scored that disease-free survival should not be used as
an outcome measure to assess the effi of LT for CRLM because recurrence alone is not predictive of
survival.7 It is noteworthy that all patients in the SECA-I and SECA-II trials received sirolimus (a
mammalian target of rapamycin inhibitor) for maintenance immunosuppression. Meanwhile, a
report from the Compagnons Hepato-Biliaires demonstrated that 5 of 12 recipients were alive
without evidence of recurrence at 7 to 108 months after LT.8 This study revealed that, in contrast to
the Norwegian experience, long-term disease-free survival can be achieved in carefully selected
patients who had previously undergone a combination of multiple courses of chemotherapy and liver
resections. To build on the momentum, multiple European and US cent- ers have launched
prospective trials of LT for CRLM. Total 7 prospective studies including randomized control trials have
been registered at ClinicalTrials.gov at the time of this report (NCT01479608, NCT02215889,
NCT02597348, NCT02864485, NCT03494946, NCT03488953, and

NCT03803436). There is another ongoing trial called the Porto Alegre protocol of the Compagnons
Hepato-Biliaires.3 It is obvious that the recent success of LT for unresectable CRLM is due to highly
effective chemotherapy, advanced

imaging technology (eg, positron emission tomography to rule out extrahepatic disease),9 better
understanding of tumor biology (eg, BRAF mutation),10 improved perioperative management of LT,
etc. Currently, the most essential clinical question is about patient selection. Although the Oslo group
has proposed a scoring system to predict favorable prognoses at a population level, the results of
other ongoing trials are awaited to defi the ideal candidate for LT for CRLM. Other unsolved
questions include the following: (1) acceptable outcomes after LT in the context of persistent organ
shortage at a community level7; (2) how to incorporate LT in the multidisciplinary care of CRLM at
an individual level, that is, defi of “unresectable” remains ill-defi 11,12 and the possibility of LT for
“resect- able” disease,13 the use of adjuvant chemotherapy after LT, and the role of mammalian
target of rapamycin inhibitors versus calcineurin inhibitors to optimize immunosuppression after LT
should also be discussed; and (3) how to meet the potentially high demand in an era of colorectal
cancer epidemic (ie, RAPID concept).13-15

Recommendations

1. LT can be a viable option in highly selected patients with unresectable CRLM with only liver
involvement (moderate level of evidence and moderate recommendation).
2. LT for CRLM with low Oslo score <2 (maximum tumor diameter < 5.5 cm, pretransplant

carcinoembryonic anti- gen <80 pg/L, response to chemotherapy, time interval: diagnosis to LT > 2 y)
may improve the 5-year overall survival rates over those achieved with the current stand- ard of care
(moderate level of evidence and moderate recommendation).

3. Minimization of immunosuppression is recommended (low level of evidence and moderate
recommendation).

4. Aggressive treatment of all posttransplant resectable recurrences is recommended (low level
of evidence and moderate recommendation).

5. There is a need for an international registry to coordinate data collection and design further
studies on LT for CRLM (moderate level of evidence and moderate recommendation).

NEUROENDOCRINE LIVER METASTASES

The largest systematic review on LT for NETLM that has been conducted till date has studied >1100
patients based on registries and multicenter and single-center stud- ies.16 Multivisceral
transplantation was applied for cases of widespread disease and involvement of other organs for
<20% of the entire cohort. The reported 5-year overall survival rate was 63% after LT for
unresectable NETLM, with a recurrence rate raging between 30% and 60%. More than 50% liver
involvement, a high Ki67 index, and pancreatic NET versus gastrointestinal NET as the primary lesion



were predictive factors of decreased long- term survival.16 In 2007, Mazzaferro et all7 stated that
LT for NETLM should be conducted with the intent of cure rather than palliation, based on previous
reports that liver resection commonly does not provide sufficient out- comes for patients with severe
symptoms caused by dif- fuse disease and/or carcinoid syndrome. They developed the Milan criteria
for NETLM: confirmed histology of G1 or G2 tumor (World Health Organization Classification of
Neuroendocrine Tumors 2010), the primary tumor drained by the portal system, hepatic involvement
of <50%, com- plete resection of primary tumor and all extrahepatic dis- ease with stable disease or
good response to therapies for at least 6 months, and age < 60 years (relative criteria). In their
prospective study, remarkable 5- and 10-year survival rates of 97% and 89%, respectively, were
achieved in 42 highly selected patients who underwent LT between 1995 and 2010.18 These
numbers were significantly better than those of 51% and 22%, respectively, in the 46 patients with
similar tumor burden who were treated with a non- transplant strategy. In the LT group, the time-to-
progression at 10 years was only 13%, a percentage that has never been described in patients with
unresectable NETLM. In the United States, United Network for Organ Sharing has adopted the Milan
criteria and released guidelines to list the potential candidates with unresectable NETLM for LT.19
Other existing guidelines include the European Neuroendocrine Tumor Society Consensus Guidelines
and the National Comprehensive Cancer Network Guidelines; however, universal criteria have yet to
be established.20,21 Other important questions include the following: (1) how to incorporate
nonoperative modalities that have changed the paradigm of treatment for NET (eg, peptide receptor
radionuclide therapy and molecular-targeted agents)22,23 as downstaging/bridge therapy before
LT24; (2) standardization of imaging protocol to accurately diagnose pre- LT patients and detect post-
LT recurrence25,26; (3) use of everolimus post-LT for both immunosuppression27 and adjuvant
therapy; (4) what are the appropriate outcome indicators (overall survival versus time to progression,
etc) given the indolent clinical course of NET; (5) definition of unresectability or if there is any room
to adopt LT for resectable, bulky diseasel; and (6) whether LT would provide survival benefit for
patients with more aggressive disease given their low response rate to conventional therapies.13

Recommendations

1. LT should be considered as a potentially curable treatment option for selected patients with
unresectable metastatic NET of midgut/hindgut origin confined to the liver (moderate level of
evidence and strong recommendation).

2. Selection criteria should consider 68Ga-DOTATATE, Ki67, histology, site of origin, and a
certain time interval of stable disease or good response to therapies (moderate level of evidence and
strong recommendation).

3. LT for selected patients with metastatic NET confined to the liver as part of multimodality
therapy should achieve comparable outcomes as LT for other diagnoses (moderate level of evidence
and strong recommendation).

4, Everolimus has achieved improvement in progression-free survival in NET and should be
considered as part of immunosuppression after LT for NETLM (low level of evidence and strong
recommendation).

5. Late recurrences beyond 5 years after LT are not uncommon, necessitating long-term follow-
up with annual imaging (moderate level of evidence and strong recommendation).

HEPATOBLASTOMA

Hepatoblastoma is the most common primary liver cancer in children and its incidence has continued
to increase over the past 2 decades. Surgical resection with chemotherapy is the mainstay of
treatment.28-30 The degree of tumor burden and prognoses are determined as per the pretreat-
ment and posttreatment extent of disease (PRETEXT and POST-TEXT) system.31,32 Signifi advances
in chemo- therapy33-35 and perioperative management have yielded an overall 5-year survival of
60% to >80% after LT for unresectable hepatoblastoma and is considered a standard treatment
worldwide.36-40 The current Children’s Oncology Group international study of pediatric liver cancer



AHEP- 1531 adopted a novel risk stratify algorithm established by the Children’s Hepatic tumors
International

Collaboration.32,40 Patients with PRETEXT IIl hepatoblastomas that are deemed unresectable after
the 2 cycles of chemotherapy cycle, PRETEXT IV hepatoblastomas, and

POST-TEXT Il and IV hepatoblastomas should receive early referral to a specialized center with
extensive experience in LT and complex liver resection.41-43 Even patients with extrahepatic disease
are eligible for LT, provided the lesions have disappeared with chemotherapy or been surgically
removed.37,44,45 LT should also be considered in borderline-resectable hepatoblastoma because
the outcomes after salvage transplantation are unsatisfactory.46,47 A recent study demonstrated
that there was no significant difference in 10-year patient survival after LT between patients with
unresectable malignant primary pediatric hepatic tumors (81%) and those with nonmalignant causes
(88%).48 Indocyanine green (ICG) has been demonstrated to be use- ful in the detection of
metastatic deposits.49,50 Living donors are an indispensable source of liver grafts and can optimize
the timing of LT.38,51 Correspondingly, patients with hepatoblastoma on chemotherapy should be
prioritized on the waiting list in deceased donor LT.52 Although LT is widely accepted as a lifesaving
option for unresectable hepatoblastoma, its universal indication is yet to be defi 29 The SIOPEL
(Société Internationale d’Oncologie Pédiatrique— Epithelial Liver) group has published guidelines and
listed the following conditions to strongly encourage early referral to LT programs: multifocal
PRETEXT IV hepatoblastoma; large solitary PRETEXT IV hepatoblastoma unresponsive to
preoperative chemotherapy; unifocal, centrally located tumors involving main hilar structures or
main hepatic veins that is unlikely to become tumor free even after good

response to chemotherapy.53 In a single-center analysis, longer time on the waiting list was identifi
as a risk factor of recurrence after LT.52 The early referral system is criti- cal to shorten the interval
between diagnosis and LT54 and reduce the risk of recurrence, which is a strong predictive factor of
diminished survival.39 Further genetic studies and molecular analyses are warranted to realize
precision medi- cine for hepatoblastoma.55,56

Recommendations

1. Hepatoblastoma has excellent outcomes with a multidisciplinary approach. Surgery with
chemotherapy has resulted in 5-year overall survival of up to 80% (high level of evidence and strong
recommendation). Cisplatin-based CT has improved resectability rates from 30% to 75%—80%
(moderate level of evidence and strong recommendation).

2. PRETEXT and POST-TEXT staging system with cross- sectional imaging is useful for risk
stratification and treatment. High-risk factors include PRETEXT IV, age> 3 years, extrahepatic
metastases, alpha-fetoprotein level < 100 ng/ mL, and major bilobar vascular involvement (moderate
level of evidence and strong recommendation).

3. The risk stratified treatment protocol has helped in achieving excellent outcomes with
minimal chemotoxicity. Six cycles of cisplatin monotherapy (adjuvantt neoadjuvant) are
recommended for non—well-differentiated fetal histology tumors (moderate level of evidence and
strong recommendation).

4. Surgical resection is the mainstay of therapy in low- risk tumors (moderate level of evidence
and strong recommendation).

5. Patients with high-risk tumors or those requiring complex liver surgery or transplantation
should be referred early to specialized centers (low level of evidence and strong recommendation).
6. LT has increased resectability by 25%—30% in the high- risk group and has achieved long-term
survival rates >80%. Unifocal POST-TEXT IV tumors and/or POST-TEXT Ill or IV with persistent
widespread multifocality or major vessel involvement are clear indications for LT (moderate level of
evidence and strong recommendation).

7. LT is indicated for patients with treatment-responsive metastatic disease (moderate level of
evidence and strong recommendation). ICG may be helpful in identifying viable tumors to guide
surgical therapy (low level of evidence and moderate recommendation).



8. Living donor LT can optimize the timing of surgery between chemotherapy sessions (low
level of evidence and strong recommendation). Patients with hepatoblastoma on chemotherapy
should be prioritized for deceased donor allocation to optimize the timing of LT (low level of
evidence and moderate recommendation).

9. Studies on tumor genetic and molecular analysis can help in better prognostication and
chemo responsiveness (low level of evidence and moderate recommendation).
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