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The annual incidence of hepatocellular carcinoma (HCC) continues to rise. Over the last two decades, liver transplanta-
tion (LT) has become the preferable treatment of HCC, when feasible and strict selection criteria are met. With the rise
in HCCrelated LT, compounded by downstaging techniques and expansion of transplant selection criteria, a parallel
increase in number of post-transplantation HCC recurrence is expected. Additionally, in the context of an immunosup-
pressed transplant host, recurrences may behave aggressively and more challenging to manage, resulting in poor prog-
nosis. Despite this, no consensus or best practice guidelines for post-transplantation cancer surveillance and recurrence
management for HCC currently exist. Studies with adequate population sizes and high-level evidence are lacking, and
the role of systemic and locoregional therapies for graft and extrahepatic recurrences remains under debate. This review
seeks to summarize the existing literature on post-transplant HCC surveillance and recurrence management. It highlights
the value of early tumour detection, re-evaluating the immunosuppression regimen, and staging to differentiate dis-
seminated recurrence from intrahepatic or extrahepatic oligo-recurrence. This ultimately guides decision-making and
maximizes treatment effect. Treatment recommendations specific to recurrence type are provided based on currently
available locoregional and systemic therapies. (Clin Mol Hepatol 2022;28:1-16)
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INTRODUCTION

Primary liver cancer is the third most common cause of can-
cer-related deaths worldwide," with hepatocellular carcinoma
(HCC) being a significant contributor as the most common primary
liver cancer type.”’ The annual incidence of HCC is rising, with an
overall three-fold increase over the last three decades.”* Liver

transplantation (LT) has emerged as the preferred treatment for
early-stage HCC due to the dual benefit of removing both the pri-
mary tumour and the underlying tumourigenic cirrhotic environ-
ment, which results in favorable disease-free survival.”® HCC con-
tinues to grow as an indication for LT, currently accounting for at
least 22% of all LT indications in the USA,® and 32.4% of all LT in
Canada.’
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Despite stringent institutional transplant eligibility criteria,
6—18% of transplanted patients develop HCC recurrence, and risk
estimation models remain only partially predictive.* **'° Milan cri-
teria is the gold standard for selection of HCC patients for liver
transplants to minimize HCC recurrence rates."'"” Recently, more
centres are transplanting patients beyond the Milan criteria based
on various extended transplant criteria, or are downstaging via
locoregional therapies from beyond to within the Milan crite-
ria.”"* The increasing utilization of expanded criteria and down-
staging further increases the number of HCC-related LT.” Conse-
quently, this increases the overall number of patients who develop
recurrence.

HCC recurrence is an essential prognosticator for post-trans-
plantation survival,”® leaving a median survival of 10-13 months
following recurrence.”" Currently, the clinical management of
HCC recurrence is challenging” as standardized protocols for
post-LT surveillance and consensus treatment guidelines are lack-
ing.”' Through this literature review, we aim to provide a summary
of the existing literature on management of post-transplant HCC
recurrence, including surveillance strategies for detecting recur-
rence, re-evaluating the post-transplant immunosuppression regi-
men, and staging to distinguish disseminated and oligo-recur-
rence, to cater management practices specific to recurrence type.

POST-TRANSPLANT SURVEILLANCE FOR HCC
RECURRENCE

Emerging data and expert consensus supports post-transplant
HCC surveillance, as increased cumulative surveillance exposure,
early diagnosis, and aggressive treatment have been demonstrat-
ed to improve survival outcomes.'®**** The American Association
for the Study of Liver Diseases (AASLD) guidelines recommend the
use of the externally validated Risk Estimation of Tumor Recur-
rence After Transplant (RETREAT) prognostication score™ to de-
termine a patient’s 5-year recurrence risk and guide optimal
screening intervals.”> Multiple other prognostic risk scoring sys-
tems for HCC recurrence post-LT have been developed on a
per-protocol analysis.”**® The most prominent prognostic risk
scoring systems are outlined in Table 1. These scoring systems can
provide guidance for post-operative surveillance strategies. How-
ever, despite identifying risk factors and prognostic models for
HCC recurrence, there is limited direct application into clinical
practice.””* Currently, consensus surveillance protocols for the
frequency and duration of surveillance for HCC recurrence do not
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exist,” %

The most frequent site of HCC recurrence is extrahepatic alone
(50—60%), commonly lungs and bone, followed by combined
extrahepatic and intrahepatic (30-40%), and intrahepatic only
(15-40%).”**" Multiphase computed tomography (CT) scans can
play a critical role in monitoring HCC recurrence.”” Currently, the
American guidelines recommend post-transplant surveillance for
HCC recurrence with chest and abdominal CT scans, though opti-
mal timing and duration is uncertain.”> Additionally, elevated se-
rum biomarkers, including alpha-fetoprotein (AFP) levels, have
been shown to correlate with HCC recurrence, independent of the
timing or location of the recurrence.” AFP levels have been vali-
dated for use as a predictor for HCC recurrence,* and AFP >100
U/L at the time of recurrence have been correlated with worse
overall survival (0S) (hazard ratio, 1.689; 95% confidence inter-
val, 1.059-2.695; P=0.028).” There may also be future potential
in analysis of molecular biomarkers including DNA alterations, ab-
errant gene expression, microRNA, and circulating tumour cells,
towards HCC risk stratification and outcomes prediction.™

HCC recurrence occurs most frequently (60%) in the first 2 years
post-transplant,”***’
worse prognosis, often with the increased disease burden and ex-
trahepatic metastases,”'®*® One recent study by Kim et al.,”
demonstrated median timing of recurrence for single intrahepatic
(20.6 months; interquartile range [IQR], 9.8—-32.1), multiple intra-
hepatic (9.6 months; I1QR, 5.2-14.4), single extrahepatic (11.1
months; IQR, 4.6-19.0), and single lung recurrence (21.4 months;
IQR, 10.4—41.1). Late recurrence (beyond 2 years) have also been
reported and may have more favorable tumour biology, with bet-
ter response to locoregional treatments.”** Given the greater

and this early recurrence is predictive of

proportion of early recurrences and the observed worse progno-
sis, current data supports intense surveillance for the first 2 years
post-transplant, to identify early recurrences.”*”’

Aggarwal et al.*” performed a national survey of post-transplant
HCC surveillance patterns amongst 48 transplant centres across
the USA, and found that 96% of centres had an existing surveil-
lance protocol. Most centres (74%) included cross-sectional imag-
ing of both chest and abdomen, whereas 21% did abdominal
only, and 3% additionally incorporated a bone scan.* Sixty-five
percent of centers incorporated AFP levels within their surveil-
lance protocol. Forty-eight percent of centers reported 5-year du-
ration for surveillance, while 18% discontinued surveillance within
the initial 2 years.*’ The most commonly implemented surveillance
strategy involved imaging every 3—4 months for the first year, ev-
ery 6 months for the second year, and every 6—12 months for the
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following 3 years. In those deemed to have higher recurrence risk,
surveillance was more frequent with chest and abdominal CT im-
aging every 3—6 months for the initial 5 years.*” Studies have
demonstrated no difference in performing CT scans every 3 versus
every 6 months for detecting HCC recurrence.”*'

One study, which combined CT scans and AFP levels for HCC
screening every 6 months, showed that surveillance over 2 years
incurred high costs compared to life years gained.”” Given the low
rate of HCC recurrence, the authors inferred that surveillance
yields the greatest cost-benefit in the first 2 years following LT.
The most critical variable noted was the survival benefit gained
from finding resectable recurrence.” However, other studies from
high volume LT centres support the significance of late-occurring
recurrence, and recommend surveillance with cross-sectional im-
aging and AFP every 3—6 months post-transplant, for a minimum
of 5 years.”**** Additionally, predicting an individual's risk for
post-transplant HCC recurrence through risk stratification prog-
nostication scores**” may be necessary in guiding personalized
surveillance strategies.” Currently, few transplant centers stray
away from institution-specific routine screening practices towards
individualized surveillance strategies, based on patient risk strati-
fication for post-transplant HCC recurrence.*® Overall, the knowl-
edge gap and lack of established surveillance guidelines have led
to significant heterogeneity in surveillance patterns across institu-
tions, with ongoing debate regarding the appropriate surveillance

methods, frequency, and duration.”*°

THE INTERPLAY OF IMMUNOSUPPRESSION
AND HCC RECURRENCE

The role of immunosuppression is an important consideration in
post-transplant HCC recurrence. The adaptive immune system
provides the body's standard defence against tumour cells. Addi-
tionally, in cases of recurrence concomitant immunity exists,
whereby initial encounter of the primary tumour induces growth
inhibition of further secondary tumours or metastases though an-
ti-tumour immune response and immunosuppressive cellular
mechanisms.”*® In the post-transplant state, both standard and
concomitant immunity are suppressed, which may account for the
more aggressive and faster progression of HCC recurrence post-
transplant compared to post-resection.” However, post-transplant
immunosuppression is critical in preventing graft rejection and
dysfunction. This necessitates revisiting the immunosuppression
strategy on diagnosis of post-transplant recurrence. The goal is to

4 https://doi.org/10.3350/cmh.2021.0217

maximize the benefits of an active immune response for minimiz-
ing tumour progression, without compromising graft function.

The current mainstay for immunosuppression following LT in-
clude calcineurin inhibitors (CNI), such as tacrolimus and cyclo-
sporins.*®* However, CNIs can create a permissive environment
for tumour growth, with increased risk for HCC recurrence in a
dose-dependent manner.**** A role for aberrant mammalian tar-
get of rapamycin (mTOR) signalling pathway, involved in cellular
growth and proliferation, has also been shown to play a role in
the pathogenesis of HCC.”*® Various mTOR inhibitors (mTORi)
have been developed as immunosuppressive agents including
sirolimus, and everolimus, which have shown to also have anti-tu-
mour growth effects through suppression of cellular proliferation
and angiogenesis.”®*” Multiple cohort studies demonstrated de-
creased risk for post-transplant HCC recurrence and longer
post-recurrence survival using mTORi compared to CNIs.**° One
retrospective study by Yang et al.,*® 2020 showed that compared
to tacrolimus-based immunosuppression, sirolimus improved 0S
at 1 and 2 years following post-transplant HCC recurrence
(P=0.035). Contrarily, a large international multicentre random-
ized control trial (the SILVER trial), investigating sirolimus-based
versus mTORi-free immunosuppression in LT for HCC, demonstrat-
ed no significant difference in overall or recurrence-free survival
with mTORi.*" However, the benefits of mTORi may be dependent
on timing of recurrence. Kim et al.,”® demonstrates that everoli-
mus initiation within 3 months following recurrence demonstrated
improved OS in patients with a recurrence free duration >9
months (P=0.020), and no difference in those with recurrence
within 9 months (P=0.149).

With HCC recurrence post-transplant, the current recommenda-
tion is to reconsider the immunosuppression regimen, and taper
immunosuppression to the lowest effective dose for protection
against graft rejection.” Specifically, this can be done by combin-
ing or completely switching to an mTORi such as sirolimus, and
decreasing the CNI dosage.®*’ Berenguer et al.® further recom-
mended keeping CNI trough levels below certain targets: <10 ng/mL
for tacrolimus, and <300 ng/mL for cyclosporin. However, the ca-
veat is that close monitor of graft function and toxicity is required,
and immunosuppression strategies should be individualized.
Additionally, the administration of mTORi may have most survival
benefits in patients who develop HCC recurrence beyond
9 months,” though further studies are required.

http://www.e-cmh.org



STAGING OF DETECTED POST-LT HCC RECUR-
RENCE

Historically, post-transplant recurrence was defined as a distant
metastasis and considered terminal in prognosis, with palliative
intent management.” Nowadays, recurrence is classified as either
oligo-recurrence (further classified as intrahepatic and/or extra-
hepatic recurrence) or disseminated recurrence. This notion of dif-
ferentiating limited and disseminated disease has led to a para-
digm shift in management.” Studies have demonstrated that in
those post-transplant HCC recurrence, eligibility for treatment
with curative intent was a key predictor of survival, compared to
treatment with palliative intent, or best supportive care.”** Al-
though many studies support aggressive treatment of post-trans-
plant HCC recurrence by combining surgical and non-surgical

|’10,17,22,60,63 thel’e iS

therapies towards improved long-term surviva
considerable debate on specific management practices, as stan-
dardized protocols do not exist.

Complete staging is essential for adequate decision-making in
the management of post-transplant HCC recurrence. The distinc-
tion between limited (an oligo-recurrence) and disseminated re-
currence further guides treatment eligibility for locoregional or
systemic therapies.”” Comprehensive staging post-transplant for
detecting HCC recurrence is generally performed by combining
cross-sectional CT imaging with skeletal examination by a bone
scan.”” Once completely staged, a systemic approach for manage-
ment based on the type of recurrences at hand, i.e., disseminated
vs. oligo-recurrence, and intrahepatic vs. extrahepatic vs. com-
bined, should be followed to guide appropriate decision-making.

MANAGEMENT OPTIONS IN POST-TRANS-
PLANT HCC RECURRENCE

Intrahepatic oligo-recurrence

For oligo-recurrent disease, especially when confined to the liv-
er, the selection of any given therapy is individualized, and de-
pends on the tumour location, degree of disease burden, technic-
al operative considerations, functional residual liver volume, and
the patient’s functional status.” The various modalities available
for curative intent include graft surgical resection and ablation.
Other therapies are with palliative intent, and include external
beam radiation, regional therapies: trans-arterial chemoemboliza-
tion (TACE), and intra-arterial Yttrium-90 radioembolization (Y90),

http://www.e-cmh.org
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and combination therapy with systemic treatments: molecular-tar-
geted therapies, and immunotherapy.

Surgical resection
Around 15-20% of post-transplant HCC recurrence is localized
disease.””** Graft tumour resection has been shown to have

2% with pro-

survival benefits in intrahepatic oligorecurrence,
longed long-term 3- and 5-year survival.**”® Cohort studies have
demonstrated a median survival of 20-27 months in those who
received surgical therapy, compared to 9—-10 months in those re-
ceiving non-surgical therapy (other locoregional and systemic
therapies), and 2.4-3.7 months in those that received best sup-
portive care (no cancer treatment).*® These studies demonstrate
survival benefits of aggressive surgical intervention in well-select-
ed patients with post-transplant HCC recurrence.’***®” However,
these studies are subject to a high degree of selection bias. Surgi-
cal resection was more likely to be performed in patients with
better functional status, fewer recurrence nodules, and those that
developed late HCC recurrence, which are factors associated with
an improved prognosis.”’

Surgical management in the post-transplant setting may involve
extensive hilar adhesions, and also requires that the remnant liver
is tumour-free with adequate functional residual volume.”"”
These pose several operative challenges. Additionally, surgical re-
section contributes to significant overall post-operative morbidity
(60-80%),”*® with patients being at higher risk for infective
complications in the setting of immunosuppression. Prospective
randomized trials are currently lacking, and there is a need for
strong quality evidence on surgical resection in the management
of oligo-recurrences.

Ablation

Surgical resection is considered the most favourable for curative
treatment of localized HCC recurrence. However, when surgery is
contraindicated or is technically not feasible, ablation technolo-
gies including radiofrequency ablation (RFA), microwave ablation,
and irreversible electroporation can alternatively be used. Abla-
tion is ideal for tumours located away from adjacent organs and
major vascular structures due to the heat sink effect.”’ It is more
preferable to resection for deep parenchymal tumours, for which
resection would require a major hepatectomy.” Ablation is also
less morbid than post-transplant liver resection, as it is minimally
invasive, which avoids the need to perform a major laparotomy in
an immunocompromised patient.”*”® Tumour size (<3 ¢m), tumour
number, and the presence of limited extrahepatic metastasis are

https://doi.org/10.3350/cmh.2021.0217 5
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the key predictors of treatment efficacy and prognostic factors of
overall morbidity and mortality associated with ablation ther-
apy.zms

One small, single centre retrospective study comparing eleven
patients who received RFA to 15 patient with surgical resection
for post-transplant HCC recurrence have demonstrated compar-
able long-term outcomes.”®” This study demonstrated similar 1-,
3-, and 5-year 0S (92%, 51%, and 35% surgery vs. 87%, 51%,
and 28% RFA) and 1-, 3-, and 5-year recurrence-free survival
(83%, 16%, and 16% surgery vs. 76%, 22%, and 0% RFA)."* A
case series of 11 patients whom underwent microwave ablation
and were followed up to 33 months, had an average 17.3-month

" However, 15.8% of cases

survival, with mild side effects overal
had local tumour progress.”” All of these studies were limited in
sample size to draw significant conclusions, but demonstrate the
promising potential of various ablation techniques for post-trans-
plant HCC recurrence, with limited complication rates.®””” This
technique should be used in cases of small, single liver-only recur-

rences that are unresectable.

Radiation

Another option in the treatment of post-transplant HCC recur-
rence is stereotactic body radiation therapy (SBRT). SBRT typically
involves image-guided focal radiation to a tumour, with benefits
of minimal collateral damage.”® Additionally, SBRT has been
shown to upregulate the tumour immunity response through
stimulation of tumour-specific cytotoxic T cells.””® Unlike RFA,
SBRT can be effective for large tumour sizes,” and has been used
in several prospective studies for primary HCC in the non-trans-
plant setting.*"** It has been shown to be effective for tumours
ranging from 2—7 cm in size, acquiring 80—95% local tumour
control at 2 years post-treatment.®”™® One meta-analysis demon-
strates that SBRT has equivalent OS and better local control com-
pared to RFA in the HCC non-transplant setting, when adjusted
for Barcelona Clinic Liver Cancer staging factors of liver function,
performance status, and tumour size.** This highlights SBRT as a
promising potential treatment strategy for local tumour control.
However, all these studies were in the non-transplant population,
and caution should be taken when extrapolating to the post-
transplant setting.

Au et al.,* 2020 performed a retrospective study of six patients
with intrahepatic post-transplant HCC recurrence treated with
SBRT. The authors demonstrated that there was no local progres-
sion or mortality at 15.5 months (median follow up duration).®®
However, six treated lesions had regional progression (67%) and

6 https://doi.org/10.3350/cmh.2021.0217

two patients had distant spread to the lungs (22%).*° Currently,
there are limited studies with very small population numbers, and
further studies are needed in investigating the role of SBRT in
post-transplant HCC recurrence.”

Regional therapies

For post-transplantHCC with multifocal intrahepatic recurrence,
regional treatments including TACE and Y90 can be offered.*®*
One prospective study of unresectable intrahepatic post-trans-
plant HCC recurrence demonstrated a survival benefit with TACE
compared to systemic therapy alone.*® TACE can be difficult to
administer safely post-transplant due to dense hilar adhesions,
variable vascular anatomy, and the need to negotiate the catheter
through the arterial anastomosis.” There are concerns for associ-
ated hepatic artery damage, with stenosis or occlusion, which af-
fects 05.% There is also a potential risk for graft failure with the
administration of TACE in the post-transplant setting. However,
one systematic review demonstrated that TACE for post-transplant
HCC recurrence was well tolerated without major adverse conse-
quences.” Furthermore, in patients with unresectable HCC who
are ineligible for TACE, a recent systematic review and network
meta-analysis with three randomized controlled trials demonstrat-
ed no significant difference in treatment with systemic targeted
therapies (sorafenib, lenvatinib) compared to Y90 microspheres.90
Though many studies are investigating TACE and Y90 in the
bridging period before LT, there are currently limited studies inves-
tigating the role of regional therapies in the setting of post-trans-
plant HCC recurrence.

Extrahepatic oligo-recurrence

With regards to extrahepatic HCC recurrence, the most common
sites affected include: lungs (40—60%), bones (25-30%), adren-
als (10%), lymph nodes (10%), and peritoneum (9%).***" Similar
to intrahepatic oligo-recurrence, extrahepatic recurrence can also
be treated with locoregional therapies including resection and
radiation, and systemic therapies.

Surgical resection

Similar to other metastatic malignancies to the lung, locoregion-
al therapies, including pulmonary metastasectomy, can be used
towards the goal of curative intent in HCC-related pulmonary me-
tastases, with prolonged survival outcomes.”"* Multiple retro-
spective cohort studies demonstrate that surgical resection is ef-
fective in post-transplant pulmonary recurrence with greater 2-
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and 5-year survival rates compared to no resection.*”** This held
true even with multiple pulmonary sites for recurrence, as long as
surgical resection left behind adequate lung function.”*** Simi-
larly, there have been numerous case studies describing surgical
resection for other locations of post-transplant extrahepatic HCC
oligo-recurrences, including to the vertebra,”* adrenals,”™*® lymph
node,” and peritoneum.” Most of these case studies demonstrate
favourable survival outcomes, however it is difficult to draw ro-
bust conclusions.”**” Though these cohort studies and case re-
ports demonstrate efficacy of surgical resection in extrahepatic
oligo-recurrence, the literature is limited by the low quality of the
study design and the potential for confounding due to patient se-
lection bias in these resection candidates. Consequently, further
higher-evidence studies are required in assessing the role of sur-
gical resection in extrahepatic HCC oligo-recurrence.

Radiation

In those not candidates for surgery, one alternative treatment
strategy for local recurrence is SBRT. Though this is for non-cura-
tive, palliative intent, SBRT has demonstrated some efficacy for
local recurrence control in lung and bone metastases.” However,
the literature is limited to case reports. One case report of two in-
dividuals with HCC oligo-recurrence to lymph nodes describes the
usages of SBRT given over three to five fractions for curative in-
tent.”” One individual had a complete response and remained
cancer-free at 31 months follow-up. The second patient de-
veloped multifocal liver recurrence within 2 months of treatment,
though had stable disease at the irradiated lymph node at 20
months.*

Role of systemic therapy in oligo-recurrence

Systemic therapies such as molecular-targeted therapies or tyro-
sine-kinase inhibitors (TKIs) may be combined with locoregional
treatments (surgical resection, ablation, SBRT), and regional ther-
apies to treat intrahepatic and extrahepatic post-transplant HCC
oligo-recurrence. One study by Yang et al.** demonstrated that
the OS for oligo-recurrence was most favourable for patients re-
ceiving a combination of surgical resection followed by non-sur-
gical therapy, including external beam radiotherapy for bone me-
tastasis, TKls, and sirolimus-based immunosuppression. The 1-
and 2-year OS of combination therapy was 93.8% and 52.6%
compared to 30.8% and 10.8% in patients receiving non-surgical
therapy alone, P<0.001.% The 2-year OS was an 80% in patients
that had resection of their recurrent disease, followed by a
sorafenib or lenvatinib therapy and sirolimus-based immunosup-
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pression.”

A systematic review including 61 studies (13 case reports, 41
case series, and seven retrospective comparative studies) demon-
strated that the most favourable survival outcomes were achieved
with surgical resection for the localized HCC recurrence.”” Con-
sequently, attempting surgical resection is recommended, where
feasible.”” Other locoregional and regional therapies, including
ablation and TACE, can be safely performed in the case of un-
resectable disease or unfavourable surgical candidacy.”’ Loco-
regional therapies can also be combined effectively with systemic
therapies such as sorafenib if patients can tolerate the side ef-
fects.”” Combination of locoregional and systemic therapies are
currently being investigated in the setting of primary HCC in the
non-transplant population, through clinical trials.”® This may also
further influence the direction for future clinical trials on the role
of systemic and combination therapy specific to the population of
post-transplant HCC oligo-recurrences.

Disseminated HCC recurrence

Disseminated HCC recurrence involves the systemic spread of
disease, which proposes a significant role for systemic therapies,
including molecular-targeted therapies and immunotherapy. The
goal is to prolong survival and treatment is for palliative intent,
rather than pursuit of cure.

Systemic therapy

TKls has been used in combination with other interventions for
disseminated HCC recurrence.”®"'** Sorafenib was the earliest ap-
proved of the targeted therapies with clinically proven efficacy for
unresectable HCC.'” Multiple retrospective studies show that
combining sorafenib with mTORi, and treating early in the disease
course following post-transplant HCC recurrence, leads to disease
stability or a complete or partial response.®®"**"" These studies
have demonstrated a survival benefit from systemic therapy ran-
ging from 7.5-20 months, compared to best supportive care
alone.*™"**"" However, patients had significant drug toxicity, with
poorly tolerated side effects and a 29% discontinuity rate.**'**""
Nonetheless, these studies were not performed with population
matching, and can be confounded by patient selection bias.

One retrospective study performed at a large tertiary centre
consisted of 41 patients with post-transplant HCC disseminated
disease who received systemic therapy.” Seventy-nine percent of
the patients received sorafenib and had a median OS of 14
months from recurrence, with 36% disease control.”® The most
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common adverse events included hand-foot syndrome (34.7%),
diarrhea (26.7%), and dose discontinuation or interruption (8.8%),
with 47.1% of patients switching to a second-line systemic
agent.”® Two patients had biopsy-proven transplant rejection, that
resolved by increasing the immunosuppressants.*® Therefore, dos-
ing of TKIs should be personalized and based on a risk-benefit
patient discussion.

Many new systemic therapy drugs are also being approved for
use as second-line for advanced or unresectable HCC in the
non-transplant setting, following failure or tolerance of first-line
sorafenib. These include regorafenib, which was approved in
2017, and lenvatinib approved in 2018 through the international
phase Ill trial." The use of systemic therapies in post-transplant
patients is complex due to both the immunosuppressive environ-
ment and risk for drug interactions between systemic therapies
and immunosuppressants. Available data on these newer systemic
drugs in the context of post-transplant HCC recurrence is limited,
as systemic therapy trials have historically excluded transplant pa-
tients.®

A recent multi-centered study by lavarone et al."™* showed clin-
ical efficacy and safety of regorafenib use in post-transplant HCC
recurrence for patients who developed tolerance and progressed
on sorafenib treatment, demonstrating a median OS of 12.9
months following treatment initiation. Similarly, Yang et al.*’
showed a median OS of 19.5 months with lenvatinib, compared
to those who discontinued or failed sorafenib, or those transi-
tioned to regorafenib therapy (median OS of 12 months).

Immunotherapy

Another promising option for disseminated post-transplant HCC
recurrence includes immunotherapy, which directs the host's im-
mune response towards the tumour, by prompting an immune re-
" Various immunotherapies
act as immune checkpoint inhibitors. One group of immunother-

action against the tumour antigens.

apy agents are programmed cell death protein (PD-1) blockers, in-
cluding nivolumab, ipilimumab, and pembrolizumab, which have

been validated in large phase two trials."”

Nivolumab and pem-
brolizumab have also been recently approved for use in advanced,
unresectable HCC in the non-transplant setting."®"” Furthermore,
a recent global open-label phase three trial (IMbrave150 trial)
demonstrated better overall and progression-free survival for PD-1
inhibitors atezolizumab plus bevacizumab compared to sorafenib
alone."”® PD-1 inhibitors have demonstrated overall favourable
outcomes in patients that have failed sorafenib."®'™ They also

have a better side effect profile, and have demonstrated a 15—

8 https://doi.org/10.3350/cmh.2021.0217

20% response rate, with 64% disease control for primary
HCC'HG,HQ

Currently, there is a paucity of studies examining the role of
immunotherapy in post-transplant HCC recurrence, with only a
few existing case reports and series.””™"”" Consequently, it is chal-
lenging to draw conclusions on efficacy. There are concerns that
immunotherapy regulates cell-mediated immunity, which can
interfere with post-transplant immune tolerance and contribute to
treatment-resistant allograft transplant rejection and injury.””"'**
One retrospective pilot study from Mayo Clinic (n=7) with
post-transplant recurrence of HCC (n=5) or melanoma (n=2) dem-
onstrated some preliminary efficacy of PD-1 inhibitors with com-
plete response (one of four patients), though two of seven pa-
tients developed allograft rejection.”” Further studies are needed
to investigate the efficacy and safety of immunotherapy in the
setting of post-transplant HCC recurrence. At this point immuno-
therapy in the transplant population can’t be recommended
though future clinical trials are currently underway.

FUTURE DIRECTIONS

Clinical trials have previously excluded transplant patients,'”’
and much of the management strategy for post-transplant HCC
recurrence is drawn from management principles of primary HCC
in the non-transplant setting.”®*’ Consequently, there continues
to be a paucity of literature and a lack of strong evidence. How-
ever, this review summarizes the currently available literature to
help guide clinicians on post-transplant screening and treatment
decision-making in the management of HCC recurrence. The en-
visioned ideal trajectory following LT for HCC should involve
screening for recurrence, which should be personalized based on
individual recurrence risk. Those with high recurrence risk should
be screened every 3—6 months for the first 5 years. Once recur-
rence is detected, a patient’s immunosuppression regimen should
be re-evaluated, and complete staging should be obtained to de-
termine the presence of oligo-recurrence or disseminated disease.
Depending on the type of recurrence, the patient’s functional sta-
tus, and their wishes, either curative intent or palliative treatment
can be pursued.

Many promising treatment options are on the horizon that have
been approved for advanced HCC, but have yet to be studied in
the post-transplant population with HCC recurrence. One chal-
lenge is managing this population in the context of the post-trans-
plant immunosuppressed state. There is a sensitive balance be-
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tween tumour recurrence and progression, with graft rejection or
failure. Additionally, many studies have focused on risk factors
and predictors for post-transplant HCC recurrence, but there is a
significant lack of literature on management strategies and clinic-
al application. Many studies have low-quality of evidence in the
form of case reports, case series, or retrospective cohort design.
These studies are often obscured by confounders and limited in
the ability to draw any clinically-applicable conclusions. This high-
lights the need for future clinical trials investigating management
of post-transplant HCC recurrence.

There are some ongoing clinical trials (Table 2) in the setting of
post-transplantn HCC recurrence. Two clinical trials are assessing
the safety and efficacy of PD-1 inhibitor use in those intolerant to
or previously progressed on sorafenib.”®'”’ Other trials are evalu-
ating the role of TKIs, including a phase I study currently recruit-
ing at Princess Margaret Hospital in Toronto, Canada, which is as-
sessing the efficacy of cabozantinib,””® and a future phase Il study
evaluating relenvatinib.” Additionally, two trials in China are in-
vestigating post-transplant HCC recurrence in the context of
hepatitis B virus liver etiology.”*"' One is an open-label phase |
study assessing a hepatitis B virus-specific T-cell receptor-re-

130

directed drug,” while the other is a phase I/Il multicentre study

Surveillance
—> @ ]- + AFP
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Q 3-6 months, 5+ years

‘ Oligorecurrence ‘
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assessing a biologic, liocyx that lyses target liver cells.”'

CONCLUSION

As the number of LT for HCC increases, the number of patients
experiencing post-transplant HCC recurrence will rise. Post-trans-
plant HCC recurrence represents a significant clinical challenge
and is associated with poor prognosis. Currently, there is no con-
sensus best practice guidelines for HCC surveillance and recur-
rence management, partly due to limited existing high-level evi-
dence. This review summarizes the available literature to inform
and guide clinicians in managing post-transplant HCC surveillance
and disease recurrence (Fig. 1). We propose that post-transplant
surveillance strategies should be individualized based on prognos-
tication scores and recurrence risk calculations. In those with high
recurrence risk, screening should involve imaging and AFP levels
every 3—6 months. If recurrence is diagnosed, the immunosup-
pression strategy should be re-evaluated, and the recurrence
should be staged to distinguish oligo-recurrence from disseminat-
ed disease. For oligorecurrence, it is crucial to assess tumour loca-
tion, disease burden, technical operative feasibility, residual organ

Recurrence

Reassess

U o

ﬂ MTORi

Disseminated

‘ Only intrahepatic ‘ Tyrosine ki Monitor, )
YrosIN€ KINAse |y, Graft function
| mhwtitors Sice effects
v v v
Resection Unresectable, Multifocal: Resection Unresectable, Sorafenib
limited: regional ablation, SBRT regorafenib,
ablation, SBRT (TACE, Y90) lenvatinib

Figure 1. Post-liver transplantation hepatocellular carcinoma recurrence review. AFP, alpha-fetoprotein; CNI, calcineurin inhibitors; mTORi, mammalian
target of rapamycin inhibitors; SBRT, stereotactic body radiation therapy; TACE, trans-arterial chemoembolization; Y90, Yttrium-90 radioembolization.
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function, and patient functional status to determine resectability.
Where possible, surgical resection for intrahepatic and/or extrahe-
patic recurrence is recommended. Unresectable oligo-recurrence
can be ablated or radiated. Multifocal intrahepatic disease can be
treated with regional therapies, including TACE and Y90 for dis-
ease control. Disseminated disease is treated first-line with TKIs.
There may also be a potential role for immunotherapy agents, in-
cluding the PD-1 inhibitors, though the evidence is limited. With
systemic therapy, care should be taken to monitor for side effects
and graft dysfunction. Many clinical trials are currently recruiting
towards developing and testing the efficacy and safety of new
systemic therapies. Overall, there is a lack of high-evidence stud-
ies, and further research is required to develop better evidence-
based treatment guidelines and newer drug treatment options for
the management of post-transplant HCC recurrence.

Authors’ contribution

LR: Conception and design of project, literature review, write up
of manuscript, critical revision, final approval of published version;
TI: Conception and design of project, critical revision, final ap-
proval of published version; MPAWC: Conception and design of
project, critical revision, final approval of published version; HM:
Conception and design of project, critical revision, final approval
of published version; GS: Conception and design of project, litera-
ture review, critical revision, final approval of published version

Conflicts of Interest
The authors have no conflicts to disclose.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal
A, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin 2021;71:209-249.

2. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carci-
noma incidence, mortality, and survival trends in the United States
from 1975 to 2005. J Clin Oncolr 2009;27:1485-1491.

3. Global Burden of Disease Cancer Collaboration, Fitzmaurice C, Al-
len C, Barber RM, Barregard L, Bhutta ZA, et al. Global, regional,
and national cancer incidence, mortality, years of life lost, years
lived with disability, and disability-adjusted life-years for 32 cancer
groups, 1990 to 2015: a systematic analysis for the global burden
of disease study. JAMA Oncol 2017;3:524-548.

http://www.e-cmh.org

4.

https://doi.org/10.3350/cmh.2021.0217

Luckshi Rajendran, et al.
Management of post-transplant HCC recurrence

Scortegagna E Jr, Karam AR, Sioshansi S, Bozorgzadeh A, Barry C,
Hussain S. Hepatocellular carcinoma recurrence pattern following
liver transplantation and a suggested surveillance algorithm. Clin
Imaging 2016;40:1131-1134.

. Yang JD, Larson JJ, Watt KD, Allen AM, Wiesner RH, Gores GJ, et

al. Hepatocellular carcinoma is the most common indication for
liver transplantation and placement on the waitlist in the United
States. Clin Gastroenterol Hepatol 2017;15:767-775.e3.

. Berenguer M, Burra P, Ghobrial M, Hibi T, Metselaar H, Sapisochin

G, et al. Posttransplant management of recipients undergoing
liver transplantation for hepatocellular carcinoma. Working group
report from the ILTS transplant oncology consensus conference.
Transplantation 2020;104:1143-1149.

. Silva M, Moya A, Berenguer M, Sanjuan F, Ldpez-Andujar R, Pareja

E, et al. Expanded criteria for liver transplantation in patients with
cirrhosis and hepatocellular carcinoma. Liver Transpl 2008;14:1449-
1460.

. Sapisochin G, Bruix J. Liver transplantation for hepatocellular carci-

noma: outcomes and novel surgical approaches. Nat Rev Gastroen-
terol Hepatol 2017;14:203-217.

. Ivanics T, Shwaartz C, Claasen MPAW, Patel MS, Yoon P, Raschzok

N, et al. Trends in indications and outcomes of liver transplanta-
tion in Canada: a multicenter retrospective study. Transpl Int
2021;34:1444-1454.

. Bodzin AS, Lunsford KE, Markovic D, Harlander-Locke MP, Busuttil

RW, Agopian VG. Predicting mortality in patients developing recur-
rent hepatocellular carcinoma after liver transplantation: impact
of treatment modality and recurrence characteristics. Ann Surg
2017;266:118-125.

. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F,

et al. Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996;334:693-
699.

. Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, Perrier A,

et al. Recommendations for liver transplantation for hepatocellular
carcinoma: an international consensus conference report. Lancet
Oncol 2012;13:e11-e22.

. Lingiah VA, Niazi M, Olivo R, Paterno F, Guarrera JV, Pyrsopoulos

NT. Liver transplantation beyond Milan criteria. J Clin Trans| Hepa-
tol 2020;8:69-75.

. Mazzaferro V, Citterio D, Bhoori S, Bongini M, Miceli R, De Carlis

L, et al. Liver transplantation in hepatocellular carcinoma after
tumour downstaging (XXL): a randomised, controlled, phase 2b/3
trial. Lancet Oncol 2020;21:947-956.

. Lerut J, Foguenne M, Lai Q. Hepatocellular cancer selection sys-

tems and liver transplantation: from the tower of babel to an ideal
comprehensive score. Updates Surg 2021;73:1599-1614.

. Roh YN, David Kwon CH, Song S, Shin M, Kim MJ, Kim S, et al.

1"



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

12

CLINICAL and MOLECULAR

HEPATOLOGY

Volume_28 Number_1 January 2022

The prognosis and treatment outcomes of patients with recurrent
hepatocellular carcinoma after liver transplantation. Clin Transplant
2014;28:141-148.

. Sapisochin G, Goldaracena N, Astete S, Laurence JM, Davidson

D, Rafael E, et al. Benefit of treating hepatocellular carcinoma
recurrence after liver transplantation and analysis of prognostic
factors for survival in a large Euro-American series. Ann Surg Oncol
2015;22:2286-2294.

. Victor DW 3rd, Monsour HP Jr, Boktour M, Lunsford K, Balogh J,

Graviss EA, et al. Outcomes of liver transplantation for hepatocel-
lular carcinoma beyond the University of California San Francisco
criteria: a single-center experience. Transplantation 2020;104:113-
121.

Escartin A, Sapisochin G, Bilbao I, Vilallonga R, Bueno J, Castells L,
et al. Recurrence of hepatocellular carcinoma after liver transplan-
tation. Transplant Proc 2007;39:2308-2310.

Hoffman D, Mehta N. Recurrence of hepatocellular carcinoma
following liver transplantation. Expert Rev Gastroenterol Hepatol
2021;15:91-102.

Rubin J, Ayoub N, Kaldas F, Saab S. Management of recurrent he-
patocellular carcinoma in liver transplant recipients: a systematic
review. Exp Clin Transplant 2012;10:531-543.

Lee DD, Sapisochin G, Mehta N, Gorgen A, Musto KR, Hajda H,
et al. Surveillance for HCC after liver transplantation: increased
monitoring may yield aggressive treatment options and improved
postrecurrence survival. Transplantation 2020;104:2105-2112.
Valdivieso A, Bustamante J, Gastaca M, Uriarte JG, Ventoso A,
Ruiz P, et al. Management of hepatocellular carcinoma recurrence
after liver transplantation. Transplant Proc 2010;42:660-662.
Mehta N, Heimbach J, Harnois DM, Sapisochin G, Dodge JL, Lee
D, et al. Validation of a risk estimation of tumor recurrence after
transplant (RETREAT) score for hepatocellular carcinoma recurrence
after liver transplant. JAMA Oncol 2017;3:493-500.

Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM,
et al. Diagnosis, staging, and management of hepatocellular carci-
noma: 2018 practice guidance by the American Association for the
Study of Liver Diseases. Hepatology 2018;68:723-750.

Claasen MPAW, Ivanics T, Gravely A, Sapisochin G. Prognostic risk
scores for liver transplantation: game changers or statistical art-
works? Hepatobiliary Surg Nutr 2021;10:553-557.

de'Angelis N, Landi F, Carra MC, Azoulay D. Managements of
recurrent hepatocellular carcinoma after liver transplantation: a
systematic review. World J Gastroenterol 2015;21:11185-11198.
Lucey MR, Terrault N, Ojo L, Hay JE, Neuberger J, Blumberg E, et
al. Long-term management of the successful adult liver transplant:
2012 practice guideline by the American Association for the Study
of Liver Diseases and the American Society of Transplantation.
Liver Transpl 2013;19:3-26.

https://doi.org/10.3350/cmh.2021.0217

20.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Verna EC, Patel YA, Aggarwal A, Desai AP, Frenette C, Pillai AA, et
al. Liver transplantation for hepatocellular carcinoma: management
after the transplant. Am J Transplant 2020;20:333-347.

Foerster F, Hoppe-Lotichius M, Vollmar J, Marquardt JU, Weinmann
A, Worns MA, et al. Long-term observation of hepatocellular car-
cinoma recurrence after liver transplantation at a European trans-
plantation centre. United European Gastroenterol J 2019,7:838-
849.

. Chagas AL, Felga GEG, Diniz MA, Silva RF, Mattos AA, Silva RCMA,

et al. Hepatocellular carcinoma recurrence after liver transplanta-
tion in a Brazilian multicenter study: clinical profile and prognostic
factors of survival. Eur J Gastroenterol Hepatol 2019;31:1148-1156.
Osho A, Rich NE, Singal AG. Role of imaging in management of
hepatocellular carcinoma: surveillance, diagnosis, and treatment
response. Hepatoma Res 2020;6:55.

Alshahrani AA, Ha SM, Hwang S, Ahn CS, Kim KH, Moon DB, et
al. Clinical features and surveillance of very late hepatocellular
carcinoma recurrence after liver transplantation. Ann Transplant
2018;23:659-665.

Al-Ameri AAM, Wei X, Wen X, Wei Q, Guo H, Zheng S, et al. Sys-
tematic review: risk prediction models for recurrence of hepatocel-
lular carcinoma after liver transplantation. Transpl Int 2020;33:697-
712.

Kim M, Rhu J, Choi GS, Kim JM, Joh JW. Risk factors for poor sur-
vival after recurrence of hepatocellular carcinoma after liver trans-
plantation. Ann Surg Treat Res 2021;101:28-36.

von Felden J, Villanueva A. Role of molecular biomarkers in
liver transplantation for hepatocellular carcinoma. Liver Transpl
2020;26:823-831.

Ho CM, Lee CH, Lee MC, Zhang JF, Chen CH, Wang JY, et al.
Survival after treatable hepatocellular carcinoma recurrence
in liver recipients: a nationwide cohort analysis. Front Oncol
2020;10:616094.

Li BCW, Chiu J, Shing K, Kwok GGW, Tang V, Leung R, et al. The
outcomes of systemic treatment in recurrent hepatocellular carci-
nomas following liver transplants. Adv Ther 2021;38:3900-3910.
Chok KS, Chan SC, Cheung TT, Chan AC, Fan ST, Lo CM. Late
recurrence of hepatocellular carcinoma after liver transplantation.
World J Surg 2011;35:2058-2062.

Aggarwal A, Te HS, Verna EC, Desai AP. A national survey of he-
patocellular carcinoma surveillance practices following liver trans-
plantation. Transplant Direct 2021;7:¢638.

Liu D, Chan AC, Fong DY, Lo CM, Khong PL. Evidence-based sur-
veillance imaging schedule after liver transplantation for hepatocel-
lular carcinoma recurrence. Transplantation 2017;101:107-111.
Ladabaum U, Cheng SL, Yao FY, Roberts JP. Cost-effectiveness of
screening for recurrent hepatocellular carcinoma after liver trans-
plantation. Clin Transplant 2011;25:283-291.

http://www.e-cmh.org



43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

http://www.e-cmh.org

Hwang S, Moon DB, Ahn CS, Kim KH, Ha TY, Song GW, et al.
Risk-based long-term screening for hepatocellular carcinoma re-
currence after living donor liver transplantation. Transplant Proc
2013;45:3076-3384.

Park MS, Lee KW, Yi NJ, Choi YR, Kim H, Hong G, et al. Optimal
tailored screening protocol after living donor liver transplantation
for hepatocellular carcinoma. J Korean Med Sci 2014;29:1360-
1366.

Ruggiero RA, Bustuoabad OD, Bonfil RD, Meiss RP, Pasqualini CD.
“Concomitant immunity” in murine tumours of non-detectable im-
munogenicity. Br J Cancer 1985;51:37-48.

Janssen LME, Ramsay EE, Logsdon CD, Overwijk WW. The immune
system in cancer metastasis: friend or foe? J Immunother Cancer
2017;5:79.

Au KP, Chok KSH. Multidisciplinary approach for post-liver trans-
plant recurrence of hepatocellular carcinoma: a proposed manage-
ment algorithm. World J Gastroenterol 2018;24:5081-5094.
Rodriguez-Peralvarez M, Tsochatzis E, Naveas MC, Pieri G, Garcia-
Caparrés C, O'Beirne J, et al. Reduced exposure to calcineurin
inhibitors early after liver transplantation prevents recurrence of
hepatocellular carcinoma. J Hepatol 2013;59:1193-1199.

Vivarelli M, Cucchetti A, La Barba G, Ravaioli M, Del Gaudio M,
Lauro A, et al. Liver transplantation for hepatocellular carcinoma
under calcineurin inhibitors: reassessment of risk factors for tumor
recurrence. Ann Surg 2008;248:857-862.

Vivarelli M, Cucchetti A, Piscaglia F, La Barba G, Bolondi L, Caval-
lari A, et al. Analysis of risk factors for tumor recurrence after liver
transplantation for hepatocellular carcinoma: key role of immuno-
suppression. Liver Transpl 2005;11:497-503.

. Regalia E, Fassati LR, Valente U, Pulvirenti A, Damilano I, Dardano

G, et al. Pattern and management of recurrent hepatocellular car-
cinoma after liver transplantation. J Hepatobiliary Pancreat Surg
1998;5:29-34.

Zavaglia C, De Carlis L, Alberti AB, Minola E, Belli LS, Slim AO, et
al. Predictors of long-term survival after liver transplantation for
hepatocellular carcinoma. Am J Gastroenterol 2005;100:2708-
2716.

Faivre S, Kroemer G, Raymond E. Current development of mTOR
inhibitors as anticancer agents. Nat Rev Drug Discov 2006;5:671-
688.

Matter MS, Decaens T, Andersen JB, Thorgeirsson SS. Targeting
the mTOR pathway in hepatocellular carcinoma: current state and
future trends. J Hepatol 2014;60:855-865.

Zhou L, Huang Y, Li J, Wang Z. The mTOR pathway is associated
with the poor prognosis of human hepatocellular carcinoma. Med
Oncol 2010;27:255-261.

Guba M, von Breitenbuch P, Steinbauer M, Koehl G, Flegel S, Hor-
nung M, et al. Rapamycin inhibits primary and metastatic tumor

57.

58

59.

60.

62.

63

64.

65.

66.

67.

68.

69.

70.

https://doi.org/10.3350/cmh.2021.0217

Luckshi Rajendran, et al.
Management of post-transplant HCC recurrence

growth by antiangiogenesis: involvement of vascular endothelial
growth factor. Nat Med 2002;8:128-135.

Sehgal SN. Rapamune (RAPA, rapamycin, sirolimus): mechanism of
action immunosuppressive effect results from blockade of signal
transduction and inhibition of cell cycle progression. Clin Biochem
1998;31:335-340.

. Au KP, Chok KSH. Mammalian target of rapamycin inhibitors after

post-transplant hepatocellular carcinoma recurrence: is it too late?
World J Gastrointest Surg 2020;12:149-158.

Toso C, Merani S, Bigam DL, Shapiro AM, Kneteman NM. Sirolim-
us-based immunosuppression is associated with increased survival
after liver transplantation for hepatocellular carcinoma. Hepatology
2010;51:1237-1243.

Yang Z, Wang S, Tian XY, Xie QF, Zhuang L, Li QY, et al. Impact of
treatment modalities on patients with recurrent hepatocellular car-
cinoma after liver transplantation: preliminary experience. Hepato-
biliary Pancreat Dis Int 2020;19:365-370.

. Geissler EK, Schnitzbauer AA, Ziilke C, Lamby PE, Proneth A, Du-

voux C, et al. Sirolimus use in liver transplant recipients with hepa-
tocellular carcinoma: a randomized, multicenter, open-label phase
3 trial. Transplantation 2016;100:116-125.

Akhan 0, Sarikaya Y, Kéksal A, Unal E, Ciftci T, Akinai D. Irrevers-
ible electroporation of recurrent hepatocellular carcinoma after
liver transplantation: report of two cases. Cardiovasc Intervent
Radiol 2021;44:807-811.

. Fernandez-Sevilla E, Allard MA, Selten J, Golse N, Vibert E, Sa

Cunha A, et al. Recurrence of hepatocellular carcinoma after
liver transplantation: is there a place for resection? Liver Transpl
2017;23:440-447.

Roayaie S, Schwartz JD, Sung MW, Emre SH, Miller CM, Gondolesi
GE, et al. Recurrence of hepatocellular carcinoma after liver trans-
plant: patterns and prognosis. Liver Transpl 2004;10:534-540.
Sommacale D, Dondero F, Sauvanet A, Francoz C, Durand F, Farges
0, et al. Liver resection in transplanted patients: a single-center
Western experience. Transplant Proc 2013;45:2726-2728.

Chok KSH. Management of recurrent hepatocellular carcinoma af-
ter liver transplant. World J Hepatol 2015;7:1142-1148.

Huang J, Yan L, Wu H, Yang J, Liao M, Zeng Y. Is radiofrequency
ablation applicable for recurrent hepatocellular carcinoma after
liver transplantation? J Surg Res 2016;200:122-130.

Marangoni G, Faraj W, Sethi H, Rela M, Muiesan P, Heaton N. Liver
resection in liver transplant recipients. Hepatobiliary Pancreat Dis
Int 2008;7:590-594.

Kneuertz PJ, Cosgrove DP, Cameron AM, Kamel IR, Geschwind JF,
Herman JM, et al. Multidisciplinary management of recurrent hepa-
tocellular carcinoma following liver transplantation. J Gastrointest
Surg 2012;16:874-881.

Kornberg A, Kiipper B, Tannapfel A, Katenkamp K, Thrum K, Hab-

13



72.

73.

74.

75.

76.

71.

78.

79.

80.

82.

83.

14

CLINICAL and MOLECULAR

HEPATOLOGY

Volume_28 Number_1 January 2022

recht O, et al. Long-term survival after recurrent hepatocellular car-
cinoma in liver transplant patients: clinical patterns and outcome
variables. Eur J Surg Oncol 2010;36:275-280.

. Arii S, Monden K, Niwano M, Furutani M, Mori A, Mizumoto M, et

al. Results of surgical treatment for recurrent hepatocellular carci-
noma; comparison of outcome among patients with multicentric
carcinogenesis, intrahepatic metastasis, and extrahepatic recur-
rence. J Hepatobiliary Pancreat Surg 1998;5:86-92.

Minagawa M, Makuuchi M, Takayama T, Kokudo N. Selection crite-
ria for repeat hepatectomy in patients with recurrent hepatocellular
carcinoma. Ann Surg 2003;238:703-710.

Shimada M, Takenaka K, Gion T, Fujiwara Y, Kajiyama K, Maeda T,
et al. Prognosis of recurrent hepatocellular carcinoma: a 10-year
surgical experience in Japan. Gastroenterology 1996;111:720-726.
Guo R, Feng X, Xiao S, Yan J, Xia F, Ma K, et al. Short- and long-
term outcomes of hepatectomy with or without radiofrequency-
assist for the treatment of hepatocellular carcinomas: a retrospec-
tive comparative cohort study. Biosci Trends 2015;9:65-72.

Huang J, Hernandez-Alejandro R, Croome KP, Yan L, Wu H, Chen Z,
et al. Radiofrequency ablation versus surgical resection for hepa-
tocellular carcinoma in Childs A cirrhotics-a retrospective study of
1,061 cases. J Gastrointest Surg 2011;15:311-320.

Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH, Zhang YQ, et al. A
prospective randomized trial comparing percutaneous local abla-
tive therapy and partial hepatectomy for small hepatocellular carci-
noma. Ann Surg 2006;243:321-328.

Zhai H, Liang P, Yu XL, Cheng Z, Han ZY, Liu F, et al. Microwave
ablation in treating intrahepatic recurrence of hepatocellular car-
cinoma after liver transplantation: an analysis of 11 cases. Int J
Hyperthermia 2015;31:863-868.

Sanuki N, Takeda A, Kunieda E. Role of stereotactic body radia-
tion therapy for hepatocellular carcinoma. World J Gastroenterol
2014;20:3100-3111.

Gupta A, Probst HC, Vuong V, Landshammer A, Muth S, Yagita H,
et al. Radiotherapy promotes tumor-specific effector CD8+ T cells
via dendritic cell activation. J Immunol 2012;189:558-566.

Sharabi AB, Nirschl CJ, Kochel CM, Nirschl TR, Francica BJ, Velarde
E, et al. Stereotactic radiation therapy augments antigen-specific
PD-1-mediated antitumor immune responses via cross-presentation
of tumor antigen. Cancer Immunol Res 2015;3:345-355.

. Bujold A, Massey CA, Kim JJ, Brierley J, Cho C, Wong RK, et al.

Sequential phase | and Il trials of stereotactic body radiotherapy
for locally advanced hepatocellular carcinoma. J Clin Oncol
2013;31:1631-1639.

Andolino DL, Johnson CS, Maluccio M, Kwo P, Tector AJ, Zook J, et
al. Stereotactic body radiotherapy for primary hepatocellular carci-
noma. Int J Radiat Oncol Biol Phys 2011;81:e447-e453.

Céardenes HR, Price TR, Perkins SM, Maluccio M, Kwo P, Breen

https://doi.org/10.3350/cmh.2021.0217

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

TE, et al. Phase | feasibility trial of stereotactic body radiation
therapy for primary hepatocellular carcinoma. Clin Transl Oncol
2010;12:218-225.

Eriguchi T, Takeda A, Tateishi Y, Tsurugai Y, Sanuki N, Ebinuma
H, et al. Comparison of stereotactic body radiotherapy and ra-
diofrequency ablation for hepatocellular carcinoma: systematic
review and meta-analysis of propensity score studies. Hepatol Res
2021;51:813-822.

Au KP, Chiang CL, Chan ACY, Cheung TT, Lo CM, Chok KSH. Initial
experience with stereotactic body radiotherapy for intrahepatic he-
patocellular carcinoma recurrence after liver transplantation. World
J Clin Cases 2020;8:2758-2768.

Zhou B, Shan H, Zhu KS, Jiang ZB, Guan SH, Meng XC, et al. Che-
moembolization with lobaplatin mixed with iodized oil for unre-
sectable recurrent hepatocellular carcinoma after orthotopic liver
transplantation. J Vasc Interv Radiol 2010;21:333-338.

Ko HK, Ko GY, Yoon HK, Sung KB. Tumor response to trans-
catheter arterial chemoembolization in recurrent hepatocellular
carcinoma after living donor liver transplantation. Korean J Radiol
2007,8:320-327.

Salem R, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK, Ibrahim
S, et al. Radioembolization for hepatocellular carcinoma using Yt-
trium-90 microspheres: a comprehensive report of long-term out-
comes. Gastroenterology 2010;138:52-64.

Lee S, Kim KM, Lee SJ, Lee KH, Lee DY, Kim MD, et al. Hepatic
arterial damage after transarterial chemoembolization for the
treatment of hepatocellular carcinoma: comparison of drug-eluting
bead and conventional chemoembolization in a retrospective con-
trolled study. Acta Radiol 2017;58:131-139.

Pollock RF, Brennan VK, Shergill S, Colaone F. A systematic litera-
ture review and network meta-analysis of first-line treatments for
unresectable hepatocellular carcinoma based on data from ran-
domized controlled trials. Expert Rev Anticancer Ther 2021;21:341-
349.

Tomimaru Y, Sasaki Y, Yamada T, Equchi H, Takami K, Ohigashi H,
et al. The significance of surgical resection for pulmonary metasta-
sis from hepatocellular carcinoma. Am J Surg 2006;192:46-51.
Jeong YH, Hwang S, Lee GD, Choi SH, Kim HR, Kim YH, et al.
Surgical outcome of pulmonary metastasectomy for hepatocellular
carcinoma recurrence in liver transplant patients. Ann Transplant
2021;26:€930383.

Hwang S, Kim YH, Kim DK, Ahn CS, Moon DB, Kim KH, et al. Re-
section of pulmonary metastases from hepatocellular carcinoma
following liver transplantation. World J Surg 2012;36:1592-1602.
Hu JG, Lu Y, Lin XJ. En bloc lumpectomy of T12 vertebra for pro-
gressive hepatocellular carcinoma metastases following liver trans-
plantation: a case report. Medicine (Baltimore) 2020;99:¢18756.
Abdel Wahab M, Shehta A, Ibrahim EM, Eldesoky RT, Sultan AA,

http://www.e-cmh.org



96.

97.

98.

99.

100.

102.

103.

104.

105.

106.

107.

http://www.e-cmh.org

Zalata KR, et al. Adrenalectomy for solitary recurrent hepatocel-
lular carcinoma five years after living donor liver transplantation: a
case report. Int J Surg Case Rep 2019;54:23-27.

Jalbani IK, Nazim SM, Tarig MU, Abbas F. Adrenalectomy for
solitary metastasis of hepatocellular carcinoma post liver trans-
plantation: case report and literature review. Pak J Med Sci
2016;32:1044-1046.

lkegami T, Yoshizumi T, Kawasaki J, Nagatsu A, Uchiyama H, Ha-
rada N, et al. Surgical resection for lymph node metastasis after
liver transplantation for hepatocellular carcinoma. Anticancer Res
2017;37:891-895.

Aoki M, Hatayama Y, Kawaguchi H, Hirose K, Sato M, Akimoto H,
et al. Stereotactic body radiotherapy for lung metastases as oligo-
recurrence: a single institutional study. J Radiat Res 2016;57:55-61.
Walburn T, Moon AM, Hayashi PH, Gerber D, Sanoff HK, McGinty
KA, et al. Stereotactic body radiation therapy for recurrent, isolated
hepatocellular carcinoma lymph node metastasis with or without
prior liver transplantation. Cureus 2020;12:¢9988.

Llovet JM, De Baere T, Kulik L, Haber PK, Greten TF, Meyer T, et al.
Locoregional therapies in the era of molecular and immune treat-
ments for hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol
2021;18:293-313.

. Xu X, Chen J, Wei Q, Liu ZK, Yang Z, Zhang M, et al. Clinical

practice guidelines on liver transplantation for hepatocellular
carcinoma in China (2018 edition). Hepatobiliary Pancreat Dis Int
2019;18:307-312.

Faivre S, Rimassa L, Finn RS. Molecular therapies for HCC: Looking
outside the box. J Hepatol 2020;72:342-352.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et
al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med
2008;359:378-390.

de’Angelis N, Landi F, Nencioni M, Palen A, Lahat E, Salloum C, et
al. Role of sorafenib in patients with recurrent hepatocellular car-
cinoma after liver transplantation. Prog Transplant 2016;26:348-
355.

Mancuso A, Mazzola A, Cabibbo G, Perricone G, Enea M, Galvano
A, et al. Survival of patients treated with sorafenib for hepatocel-
lular carcinoma recurrence after liver transplantation: a systematic
review and meta-analysis. Dig Liver Dis 2015;47:324-330.

Sposito C, Mariani L, Germini A, Flores Reyes M, Bongini M, Grossi
G, et al. Comparative efficacy of sorafenib versus best supportive
care in recurrent hepatocellular carcinoma after liver transplanta-
tion: a case-control study. J Hepatol 2013;59:59-66.

Zavaglia C, Airoldi A, Mancuso A, Vangeli M, Vigano R, Cordone
G, et al. Adverse events affect sorafenib efficacy in patients with
recurrent hepatocellular carcinoma after liver transplantation: ex-
perience at a single center and review of the literature. Eur J Gas-
troenterol Hepatol 2013;25:180-186.

108.

https://doi.org/10.3350/cmh.2021.0217

Luckshi Rajendran, et al.
Management of post-transplant HCC recurrence

Sotiropoulos GC, Nowak KW, Fouzas I, Vernadakis S, Kykalos
S, Klein CG, et al. Sorafenib treatment for recurrent hepatocel-
lular carcinoma after liver transplantation. Transplant Proc
2012;44:2754-2756.

. Vitale A, Boccagni P, Kertusha X, Zanus G, D'Amico F, Lodo E, et al.

Sorafenib for the treatment of recurrent hepatocellular carcinoma
after liver transplantation? Transplant Proc 2012;44:1989-1991.

. Weinmann A, Niederle IM, Koch S, Hoppe-Lotichius M, Heise M,

Diiber C, et al. Sorafenib for recurrence of hepatocellular carcinoma
after liver transplantation. Dig Liver Dis 2012;44:432-437.

. Yoon DH, Ryoo BY, Ryu MH, Lee SG, Hwang S, Suh DJ, et al.

Sorafenib for recurrent hepatocellular carcinoma after liver trans-
plantation. Jpn J Clin Oncol 2010;40:768-773.

. Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, et al.

Regorafenib for patients with hepatocellular carcinoma who pro-
gressed on sorafenib treatment (RESORCE): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet 2017;389:56-66.

. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, et al. Len-

vatinib versus sorafenib in first-line treatment of patients with
unresectable hepatocellular carcinoma: a randomised phase 3 non-
inferiority trial. Lancet 2018;391:1163-1173.

. lavarone M, Invernizzi F, Czauderna C, Sanduzzi-Zamparelli M,

Bhoori S, Amaddeo G, et al. Preliminary experience on safety of
regorafenib after sorafenib failure in recurrent hepatocellular car-
cinoma after liver transplantation. Am J Transplant 2019;19:3176-
3184.

. Couzin-Frankel J. Immune therapy steps up the attack. Science

2010;330:440-443.

. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et

al. Nivolumab in patients with advanced hepatocellular carcinoma
(CheckMate 040): an open-label, non-comparative, phase 1/2 dose
escalation and expansion trial. Lancet 2017;389:2492-2502.

. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et

al. Pembrolizumab in patients with advanced hepatocellular car-
cinoma previously treated with sorafenib (KEYNOTE-224): a non-
randomised, open-label phase 2 trial. Lancet Oncol 2018;19:940-
952.

. Finn RS, Qin S, lkeda M, Galle PR, Ducreux M, Kim TY, et al. At-

ezolizumab plus bevacizumab in unresectable hepatocellular carci-
noma. N Engl J Med 2020;382:1894-1905.

. Finkelmeier F, Waidmann O, Trojan J. Nivolumab for the treat-

ment of hepatocellular carcinoma. Expert Rev Anticancer Ther
2018;18:1169-1175.

. Amjad W, Kotiah S, Gupta A, Morris M, Liu L, Thuluvath PJ.

Successful treatment of disseminated hepatocellular carcinoma
after liver transplantation with nivolumab. J Clin Exp Hepatol
2020;10:185-187.

. Deleon TT, Salomao MA, Agel BA, Sonbol MB, Yokoda RT, Ali

15



122.

123.

124.

125.

126.

127.

128.

16

CLINICAL and MOLECULAR

HEPATOLOGY

Volume_28 Number_1 January 2022

AH, et al. Pilot evaluation of PD-1 inhibition in metastatic cancer
patients with a history of liver transplantation: the Mayo Clinic ex-
perience. J Gastrointest Oncol 2018;9:1054-1062.

De Toni EN, Gerbes AL. Tapering of immunosuppression and sus-
tained treatment with nivolumab in a liver transplant recipient.
Gastroenterology 2017;152:1631-1633.

Friend BD, Venick RS, McDiarmid SV, Zhou X, Naini B, Wang H,
et al. Fatal orthotopic liver transplant organ rejection induced by
a checkpoint inhibitor in two patients with refractory, metastatic
hepatocellular carcinoma. Pediatr Blood Cancer 2017;64:626682.
Varkaris A, Lewis DW, Nugent FW. Preserved liver transplant after
PD-1 pathway inhibitor for hepatocellular carcinoma. Am J Gastro-
enterol 2017;112:1895-1896.

Sanduzzi-Zamparelli M, Diaz-Gonzalez A, Reig M. New systemic
treatments in advanced hepatocellular carcinoma. Liver Transpl
2019;25:311-322.

Safety and Efficacy of Camrelizumab (Anti-PD-1 Antibody) in Re-
current HCC After Liver Transplantation. ClinicalTrials.gov web site,
<https://clinicaltrials.gov/show/NCT04564313>. Accessed 18 Jul
2021.

Safety and Efficacy of PD-1 Inhibitors in Patients With Liver Trans-
plant. ClinicalTrials.gov web site, <https://clinicaltrials.gov/show/
NCT03966209>. Accessed 18 Jul 2021.

Cabozantinib to Treat Recurrent Liver Cancer Post Transplant.
ClinicalTrials.gov web site, <https://clinicaltrials.gov/show/

https://doi.org/10.3350/cmh.2021.0217

129.

130.

131.

132.

133.

134.

NCT04204850>. Accessed 18 Jul 2021.

Relenvatinib in the Tatment of Recurrence of Hepatocellular Carci-
noma After Liver Transplantation (RRHCCLT). ClinicalTrials.gov web
site, <https://clinicaltrials.gov/show/NCT04237740>. Accessed 18
Jul 2021.

TCR-Redirected T Cell Treatment in Patients With Recurrent
HBV-related Hepatocellular Carcinoma Post Liver Transplanta-
tion. ClinicalTrials.gov web site, <https://clinicaltrials.gov/show/
NCT04677088>. Accessed 18 Jul 2021.

A Study of LioCyx in Patient With Recurrent HBV-related HCC Post
Liver Transplantation. ClinicalTrials.gov web site, <https://clinical-
trials.gov/show/NCT03634683>. Accessed 18 Jul 2021.

Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran H,
Piardi T, et al. Liver transplantation for hepatocellular carcinoma: a
model including a-fetoprotein improves the performance of Milan
criteria. Gastroenterology 2012;143:986-994.e3; quiz e14-e15.

Lai Q, Nicolini D, Inostroza Nunez M, lesari S, Goffette P, Agostini
A, et al. A novel prognostic index in patients with hepatocel-
lular cancer waiting for liver transplantation: time-radiological-
response-alpha-fetoprotein-INflammation (TRAIN) score. Ann Surg
2016;264:787-796.

Halazun KJ, Najjar M, Abdelmessih RM, Samstein B, Griesemer
AD, Guarrera JV, et al. Recurrence after liver transplantation for
hepatocellular carcinoma: a new MORAL to the story. Ann Surg
2017;265:557-564.

http://www.e-cmh.org



