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Abstract
Purpose of Review Liver transplantation (LT) has been utilized in the last two decades for the treatment of selected patients with
hepatocellular carcinoma (HCC). Currently, in most jurisdictions worldwide, only tumor size and number determine transplant
candidacy, which may not sufficiently predict tumor behavior. Both tumor downstaging and expanding transplant criteria play an
important role in expanding access to LT for HCC patients.
Recent Findings New downstaging protocols are emerging that incorporate response to locoregional therapies (LRT) among
those that initially present beyond the accepted Milan criteria. In parallel, new serologic, histologic, and radiographic tools are
being identified that may better predict outcomes after LT for HCC, in so-called extended criteria. The efforts of different
jurisdictions worldwide in creating new treatment protocols have made it possible to evaluate and compare outcomes of patients
over time.
Summary Improvements of LRT and expansion of the criteria for LT for HCC will both play a role in optimizing outcomes for
patients with HCC.
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Introduction

Liver transplantation (LT) remains the best treatment option
for selected patients with early-stage hepatocellular carcinoma
(HCC) as it addresses both the malignancy, by maximizing
surgical margins, as well as the underlying liver disease [1, 2].
However, the discrepancy between the number of patients
with HCC waiting for LT and the number of available organs
poses a clinical challenge [3]. Selection criteria for LT in pa-
tients with HCC have evolved since the Milan criteria (single
tumor ≤ 5 cm or 3 tumors each ≤ 3 cm) were published by
Mazzaferro et al. in 1996 [4]. While the Milan criteria are the

most frequently utilized and well established, many centers
have raised concerns that they may be too restrictive, as tumor
size and number alone may be insufficient to predict actual
tumor behavior [5–7]. It has therefore been proposed a need to
incorporate additional criteria in the selection process. New
technologies to improve predicting outcomes after LT for
HCC, response to locoregional therapies (LRT) while on the
wait-list, along with determining tumor behavior are being
incorporated into criteria.

Thus, this review will explore tumor downstaging strate-
gies and expansion of transplant criteria in the setting of treat-
ment of HCC.

Tumor Downstaging

In HCC, downstaging aims to use LRT to decrease the tumor
burden of patients initially beyond acceptable LT criteria [8]
with the goal of meeting “acceptable” criteria (mostly based
on tumor size and number). To be considered a candidate for
downstaging, patients must have no extrahepatic disease or
macrovascular invasion [9].
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Downstaging Target

The initial tumor burden for patient inclusion in downstaging
protocols varies between studies but should in part be dictated
by the available pool of donor livers in each jurisdiction.
However, a realistic downstaging goal should likely need to
be set, to avoid including into downstaging protocol patients
with very advanced disease. Serologic markers have been in-
corporated in the patient selection process. A serum alpha-
fetoprotein (AFP) > 1000 ng/mL has been considered as a
contraindication to both transplant and downstaging due to
poor outcomes [10]. Successful downstaging allows for iden-
tification of tumors with more favorable biology and offers the
benefit of LT for patients who were initially outside the locally
accepted LT criteria. The target of downstaging may differ
among jurisdictions, but the most commonly applied is the
Milan criteria [11, 12]. In terms of post-downstaging follow-
up, themost widely accepted is a minimum period of 3months
without tumor progression prior to LT [8, 13]. Patients who do
not achieve accepted LT criteria and those who progress after
being successfully downstaged and listed for LT are consid-
ered to have failed, and according to downstaging protocols
should not undergo LT [14].

Types of Locoregional Therapies

Pre-interventional liver function and tumor morphology and
location should dictate the LRT modality of choice and must
consider the risk of hepatic decompensation before enrolling a
patient in a downstaging protocol [13]. Though there is no
recommended first-line choice, the selection of a specific
LRT in downstaging is largely based on available data for
bridging therapies—those that maintain a patient’s candidacy
for transplant [15]. These include transarterial procedures such
as chemoembolization (TACE) and radioembolization
(TARE) with yttrium 90 (Y-90), percutaneous ablation (radio-
frequency [RFA] and microwave [MWA]), and stereotactic
body radiation therapy (SBRT). Despite a lack of randomized
controlled studies comparing the different strategies, TACE
has become the most commonly utilized first-line technique
for downstaging [9, 16]. TACE involves catheterization of the
hepatic artery supplying the tumor, and injection of a combi-
nation of chemotherapeutic agents. TACE alone was sufficient
in downstaging 40–50% of cases in prospective studies, but
adjunctive LRTs are often required to achieve successful
downstaging [17, 18]. The use of ablative techniques is ac-
ceptable, and the modality of choice is dictated by the size and
location of the target lesion [19].

More recently, SBRT has been demonstrated to be safe and
effective as bridging to LT in patients who are not eligible for
other LRT [20]. In a retrospective study of patients listed for
transplant, SBRT following the failure of TACEwas similar to
RFA and TACE as a bridging therapy to LT [21]. Transarterial

radioembolization with Y-90 has additionally been demon-
strated to be safe prior to LT, though prospective comparative
studies are still lacking [22]. One retrospective study has dem-
onstrated improved survival in those downstaged to Milan
criteria with Y-90 compared to TACE [23]. The addition of
sorafenib to Y-90 has been considered but was associated with
increased biliary complications following transplant [24].

Sorafenib was the first drug approved for the treatment of
HCC and is the standard of care when other treatments are not
possible. Many agents tested in phase 3 trials failed to improve
or even parallel the efficacy of sorafenib. Insufficient antitu-
moral activity, toxicity in the context of cirrhosis, and inade-
quate patient selection has attributed to these failures.
Sorafenib remained the sole systemic therapy until lenvatinib
showed antitumoral activity in a noninferiority trial [25].
There is a recent trend in positive trials for the recent years
with an increasing optimism towards systemic treatment im-
provements for HCC [25]. Induction therapy with these new
drugs may be an alternative to test tumor responsiveness to
treatment prior to LT. However, this needs to be investigated
in prospective trials.

Downstaging Protocols and Outcomes After
Downstaging

The University of California San Francisco’s (UCSF) group
first published their downstaging protocol in 2005 [26]. Of
note, UCSF downstaging protocol has a size and number limit
for inclusion: patients must have a single tumor < 8 cm, or up
to 3 tumors each ≤ 5 cmwith a total tumor diameter ≤ 8 cm, or
four or five tumors each ≤ 3 cm with total tumor diameter ≤
8 cm. Since 2010, the UNOS policy considered accepting
patients within UCSF criteria that were downstaged to
Milan-in criteria, although after multiple discussions, it was
only nationally implemented in August 2016 [27, 28]. Yao
et al. prospectively enrolled 30 patients with HCC beyond
Milan (within the UCSF criteria) to this downstaging protocol.
Successful downstaging was defined by tumor meeting Milan
criteria after a minimum follow-up of 3 months after LRT.
Twenty-one (70%) patients were successfully downstaged
and 16 (53%) underwent LT. After a median post-transplant
follow-up of 25 months, there was no tumor recurrence. The
UCSF experience with downstaging was expanded by subse-
quent publications. In 2008, among 43 patients enrolled in the
downstaging protocol, 35 (57%) underwent LT with an
intention-to-treat 1- and 4-year overall survival of 87.5% and
69.3%, respectively [29]. Again, after a median follow-up of
25 months post-transplant, no recurrences were noted. In the
same year, Ravaioli et al. showed a comparable intention-to-
treat 3-year disease-free survival (71% vs 71%, p = ns) and
overall survival (56.3% vs 62.8%, p = ns) for patients initially
Milan-out downstaged to Milan-in in a cohort of 177 patients
submitted to LT for HCC [17]. Their criteria to include
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patients in the downstaging protocol was single HCC 5–6 cm
or two HCCs ≤ 5 cm or less than six HCCs ≤ 4 cm and sum
diameter ≤ 12 cm.

The first paper from UCSF comparing outcomes between
downstaging and Milan criteria came in 2015 [13]. One hun-
dred eighteen patients enrolled in the UCSF downstaging pro-
tocol were compared to 488 patients withinMilan at listing. In
the downstaging group, 64 (54%) patients underwent LT and,
in the within Milan group, 332 (68%) were transplanted. The
1- and 5-year intention-to-treat overall survival was 86% and
56% in the downstaging group and 85% and 63% in theMilan
group, respectively (p = 0.29). The median recurrence-free
survival was 95% and 91% for the downstaging group and
96% and 88% in the Milan group (p = 0.66). Among the
downstaged patients, serum AFP > 1000 ng/mL and Child-
Pugh B and C were associated with a risk of dropout. Mehta
et al., in a retrospective analysis of 3819 patients from the
UNOS database, found a comparable 3-year recurrence prob-
ability between Milan-in and downstaging protocol patients
within UCSF criteria, but worse survival for an “all comers”
protocol for downstaging consideration [30]. In addition, in an
intention-to-treat analysis of 207 HCC patients included in a
downstaging protocol, the 5-year survival of “all comers” (no
limitation in the size and number of tumors) was significantly
lower than patients within UCSF (21.1% vs 56.0%, p < 0.001)
[31]. Therefore, it seems that an upper level of tumor burden
before including patients in a downstaging protocol is needed.

Only a few additional studies have compared LT plus
downstaging therapies in patients beyond Milan versus LT
alone in patients within the Milan criteria. Heckman et al.
showed a 5-year recurrence-free survival of 82% in the sub-
group of 12 patients who were successfully downstaged [32].
In the same study, the 5-year recurrence-free survival among
patients within Milan who underwent LTwas 71% (p = 0.76).
A group from Taiwan showed that patients beyond the UCSF
criteria successfully downstaged to Milan had similar 5-year
recurrence-free survival than patients who were within Milan
at the time of LT (90.1% vs. 86.0%, p = 0.81) [33]. Recently, a
meta-analysis by Kulik et al. showed a 1-year (RR = 1.11
[95% CI 1.01, 1.23]) and 5-year (RR = 1.17 [95% CI 1.03,
1.32]) survival benefit for patients undergoing downstaging
therapies compared to those beyond Milan treated with LT
alone [15]. In this meta-analysis, there was no difference in
the post-transplant HCC recurrence between the groups
(RR = 1.44 [95% CI 0.09, 2.29]).

Expanded Criteria to LT for HCC

In the last decade, several centers have developed their own
expanded criteria for LT with satisfactory results. Most of
these have focused primarily around anatomic criteria, such
as tumor size and total tumor volume, whereas others have

incorporated tumor biology, tumor differentiation on biopsy,
and serum biomarkers such as AFP and des-gamma-carboxy
protein (DCP). Table 1 summarizes these expanded criteria.
At the University of Toronto, patients will currently only get
MELD exception points if they have a total tumor volume ≤
145 cm3 and AFP ≤ 1000 ng/mL, but they can be transplanted
with a living donor if they are beyond this criteria but within
the Extended Toronto Criteria (ETC) (no limitations in size
and number of HCCs, absence of vascular invasion or extra-
hepatic disease, absence of cancer-related symptoms, and bi-
opsy of the largest mass rules out poor differentiation).
Patients within the ETC had a 5-year overall survival and
disease-free survival compared to Milan-in patients [37].
Optimal selection criteria must balance the oncologic long-
term benefit and potential for cure from HCC within the con-
fines of organ shortage and allocation process.

Serum and Tissue Markers as Surrogates of Tumor
Biology

Histologic tumor differentiation has been shown to correlate
with tumor recurrence [41, 42]. DuBay et al. found that imag-
ing did not accurately correlate with HCC outcomes over 294
LT patients, and that biopsy would be helpful to diagnose
tumoral poor differentiation [43, 44]. This, along with
cancer-related symptoms, subsequently became a cornerstone
in the Extended Toronto Criteria. Biopsy, however, has been
criticized given the risk of tumor seeding and tumor heteroge-
neity. To avoid this, serum markers have been pursued as
additional surrogates of tumor biology. Kaido et al., from
Kyoto University, found levels of serum DCP greater than
400 mAU/mL to be predictive of HCC recurrence.
Therefore, they proposed extending selection guidelines for
LT in HCC patients with DCP < 400 mAU/mL, to a maximum
of 10 tumors, with each tumor less than or equal to 5 cm [38].
Similarly, elevated AFP greater than 1000 ng/mL has been
identified as a predictor of recurrence in patients within
Milan criteria, and AFP less than 100 ng/mL predicts low rates
of recurrence in those presenting beyond Milan criteria [10,
45]. As a result, AFP has been incorporated into the total
tumor volume (TTV) and 5-5-500 criteria, and its elevation
may preclude transplantation at certain centers (see Table 1)
[36, 46, 47].

Response to Locoregional Treatments as a Surrogate
of Tumor Biology

Recently, new surrogates of tumor biology have been pro-
posed as adjuncts in patient selection by predicting results
after LT for HCC. Among these strategies, response to LRT
as “bridge” to transplant has been investigated as a potential
predictor. A recent study by DiNorcia et al. demonstrated that
patients with complete pathological response (cPR) after
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bridging therapies achieved a 5-year recurrence rate of 5.2%,
compared to 16.4% of patients without cPR (p < 0.001) [48•].
However, this study, using data from the United States
Multicenter HCC Transplant Consortium, is limited by the
fact that this cannot be applied preoperatively and by a lack
of more specific pathological data, including the proportion of
tumor necrosis. In addition, studies have shown significant
survival benefits for patients who successfully responded to
LRTs even if not downstaged to Milan-in before LT [30, 49,
50]. In a retrospective analysis of 772 patients listed for LT in
two different centers, Lee et al. found that failure to respond to
LRTwas associated with increased risk for recurrence (OR =
3.00) more so than progression of disease (OR = 1.36). These
results suggest that despite progression of disease, patients
who eventually can respond to LRT may represent favorable
candidates for LT [49]. Furthermore, in a European cohort of
174 HCC patients, Finkenstedt et al. showed that disease re-
currence in patients responsive to neoadjuvant therapies was
equal to patients with upfront early and very early-stage HCC
[50]. Conversely, response to LRT as a predictor of outcomes
may be supplemented by response of serum AFP. Halazun
et al. found that among 1450 patients from three US centers,

the serumAFP response to treatment during the wait-list could
predict post-transplantation outcomes, and should be incorpo-
rated into HCC selection criteria to allow its expansion [51•].

Future Prospects

New, non-invasive technologies have been proposed to im-
prove prediction of tumor behavior. Specific signatures on
contrast-enhanced CT scans, termed “Radiomics,” have been
proposed by Zhou et al. to predict recurrence after partial
hepatectomy [52]. Radiomics considers size, number, and
the presence or absence of a capsule, necrosis, vascular throm-
bosis, arterial involvement, and cirrhosis. While not yet inves-
tigated in the transplant population, non-invasive techniques
for identification of patients at high risk of recurrence may
prove to be useful in selecting patients for LT. Similarly, 18F-
fluorodeoxyglucose positron emission tomography (18FDG-
PETCT) has demonstrated promise in determining tumor ac-
tivity. The level of FDG uptake in HCC has been found to
correlate with pathological tumor characteristics including mi-
crovascular invasion, degree of differentiation, and disease
recurrence [53, 54]. Functional imagingmay eliminate the risk

Table 1 Liver transplantation
expanded criteria for patients with
hepatocellular carcinoma

Criteria Country Eligibility Outcomes beyond Milan
but within criteria

UCSF criteria [34] USA - Single tumor ≤ 6.5 cm or

- 3 tumors all ≤ 4.5 cm with TTD ≤ 8 cm

DFS 90.9% (5 y)

OS 80.9% (5 y)

Up-to-7 criteria [35] Italy - The sum of the maximum tumor
diameter and number < 7

OS 64.1% (5 y)

PTS 71.2% (5 y)

Total tumor volume
(TTV) [36]

Canada - Total tumor volume ≤ 115 cm3

- AFP ≤ 400 ng/mL

OS 68% (4 y)

PTS 74.6% (4 y)

Extended Toronto
Criteria (ETC) [37]

Canada - No limit in size and number

- No vascular invasion

- No extrahepatic disease

- No cancer-related symptoms

- Biopsy of largest tumor not poorly
differentiated

OS 55% (5 y)

PTS 68% (5 y)

Kyoto Criteria [38] Japan - Number ≤ 10 tumors

- Size ≤ 5 cm

- DCP ≤ 400 mAU/mL

OS 30% (5 y)

PTS 65% (5 y)

5-5-500 [39] Japan - Tumor size ≤ 5 cm

- Tumor number ≤ 5
- AFP ≤ 500

OS 71.4% (5 y)

PTS 74.8% (5 y)

Metroticket 2.0 [40] Italy For AFP < 200 ng/mL:

- Sum of number and size ≤ 7
For AFP 200–400:

- Sum of number and size ≤ 5
For AFP 400–1000:

- Sum of number and size ≤ 4

OS: training set 87.4% (5 y)

- Validation set 77.9% (5 y)

PTS: training set 91.6% (5 y)

- Validation set 82.0% (5 y)

AFPα-fetoprotein,DCP des-γ-carboxyprothrombin, TTD total tumor diameter,UCSFUniversity of California at
San Francisco, DFS disease-free survival, OS overall survival, PTS post-transplant survival, y years
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of biopsy, while offering similar information on certain high-
risk features.

In parallel, MacParland et al. found an intra-hepatic cellular
immunologic heterogeneity using single-cell RNA that may
point to understanding different tumor behavior among pa-
tients [55]. Additional non-invasive methods are in the pro-
cess of development. Circulating tumor cells (CTC) and cell-
free DNA, also known as liquid biopsy, may be the key to
understanding HCC tumor behavior puzzle in the next few
years [56, 57]. Currently, two methods for identifying CTCs
have been approved by the FDA, though neither have been
tested in the transplant population [57]. Cell-free DNA is ap-
pealing to identify microvascular invasion which would oth-
erwise have been missed on a tissue biopsy, while additionally
offering insight into the tumor’s genetics [57].

Therefore, recent evidence suggests that for patients with
tumors harboring specific histologic, serologic, and radio-
graphic features, the indications for LT should be expanded
beyond size and number. Accrual of clinical outcomes of LT
using such expanded criteria have improved the understand-
ing of the complex tumor biology of HCC. Due to heteroge-
neity in data, which is subject to selection bias and limitations
inherent to retrospective studies, there is lacking consensus on
which criteria provide the most optimal results.

LDLT for HCC

Less stringent selection criteria will theoretically increase risk
of tumor recurrence and decrease survival after LT for HCC. A
5-year survival of a minimum of 50% was previously accept-
ed as a cutoff to be listed for LT [58]. More recently, a 5-year
survival of at least 61% after LT for HCC has been suggested
to not outweigh harm to other patients on the wait list [59].

This issue of organ shortage may be circumvented by the
use of living donor liver transplantation (LDLT). This concept
has been well adopted in Eastern countries due to the large
mismatch between organ donation and a high incidence of
HCC [60]. The interest for LDLT has grown recently in the
west. By bypassing the organ allocation process, selection
criteria for LT in HCC may be naturally expanded. Hence,
patients may be able to undergo LT sooner and limit the risk
of tumor progression on the wait list.

Outcomes after LDLT versus DDLT has been extensively
studied, with results showing similar outcomes between treat-
ments [61, 62]. LDLT results are comparable to DDLT (both
donation after circulatory death [DCD] and donation after
brain death [DBD]), as published by Kollmann et al., demon-
strating 5-year overall patient survival of 71.6% for DCD,
83% for DBD, 88.8% for LDLT, and graft survival of
69.2%, 79.9%, and 84.7%, respectively among 1054 patients
from a single center (p = 0.14) [63]. Initially, some studies
showed higher recurrence in patients transplanted with LD
and investigators hypothesized that liver regeneration could

be the reason for this finding [64]. However, these studies
evaluated the outcomes after transplantation, without an
intention-to-treat (ITT) analysis at the time of listing.
Goldaracena et al. recently published the benefit in terms of
overall survival (OS) and disease-free survival for patients
with HCC who had a potential donor for LDLT in an ITT
analysis, with a 5-year OS of 68% for LDLT vs. 57% for
DDLT (p = 0.02), reflecting a reduction in the dropout rate
from 27.5% for DDLT vs. 14.6% for LDLT (p < 0.001)
[65••]. Similarly, Wong et al. described a survival benefit for
LDLT in an ITTand propensity score-matched analysis of 375
patients, with a 5-year OS of 81.4% for LDLT vs. 40.8% for
DDLT (p < 0.001) [66••].

By expanding the pool of possible donors, LDLTmay offer
an additional route to extend selection criteria in patients with
HCC. LDLT for patients with HCC may additionally allow
improved understanding of the disease process, as selection
criteria may be more flexible compared to traditional strict
selection criteria in deceased donor LT.

Preventing Recurrence Postoperatively

Expansion of the donor and recipient pools may offer more
patient access to LT for HCC. Postoperative management of
these patients should also be considered in the future. Mehta
et al. have proposed the individualization of patient follow-up
post-LT for HCC based on objective tumor characteristics on
explant pathology defining the RETREAT score validated in
341 different patients with results that will be further dissem-
inated in the upcoming years [67, 68]. Postoperative consid-
erations should also include pursuit of antiviral therapy (where
previous reports have shown an increase in HCC recurrence)
[69–71], adjuvant therapy (although Sorafenib, an oral
multikinase inhibitor, showed no benefit in the adjuvant set-
ting post-resection or ablation) [72], and choice of immuno-
suppression (with inhibitors of mechanistic target of
rapamycin [mTOR] such as sirolimus and everolimus having
favorable effects on decreasing post-LT HCC recurrence in
retrospective data) [73–76].

Conclusion

As LT is considered the best treatment option for HCC, there
is a conscious effort to extend the number of patients eligible
for LT beyond size criteria. For patients with HCC limited to
the liver that is outside of the Milan criteria, downstaging
protocols offer acceptable post-LT outcomes. Good response
to downstaging may reflect favorable biology that offers long-
term survival with LT comparable to those initially diagnosed
within transplant criteria. Conversely, prediction models
based on not only tumor size and number, but also radiograph-
ic findings, genetics, tumor biology, and patient-specific
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factors may extend the accepted transplant criteria beyond
Milan. Expanding the donor pool, particularly with the use
of LDLT, and improving post-transplant management of
HCC may allow further expansion of selection criteria.

Compliance with Ethical Standards

Conflict of Interest Phillipe Abreu, Andre Gorgen, Christopher
Griffiths, Tommy Ivanics, and Gonzalo Sapisochin each declare no po-
tential conflicts of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, Perrier
A, et al. Recommendations for liver transplantation for hepatocel-
lular carcinoma: an international consensus conference report.
Lancet Oncol. 2012;13(1):e11–22.

2. de Lope CR, Tremosini S, Forner A, Reig M, Bruix J. Management
of HCC. J Hepatol. 2012;56(Suppl 1):S75–87.

3. Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, Noreen
SM, et al. OPTN/SRTR 2017 Annual data report: liver. Liver
Transpl. 2019;19:184–283.

4. 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(11):693–9.

5. Silva M, Moya A, Berenguer M, Sanjuan F, Lo R, Pareja E, et al.
Expanded criteria for liver transplantation in patients with cirrhosis
and hepatocellular carcinoma. 2008:1449–60.

6. Herrero JI, Sangro B, Pardo F, Quiroga J, Iñarrairaegui M, Rotellar
F, et al. Liver transplantation in patients with hepatocellular carci-
noma across Milan criteria. Liver Transpl. 2008;14(3):272–8.

7. Sposito C, Mazzaferro V, Bhoori S, Miceli R, Langer M, Bongini
M, et al. Milan criteria in liver transplantation for hepatocellular
carcinoma: an evidence-based analysis of 15 years of experience.
Liver Transpl. 2011;17(S2):S44–57.

8. Clavien PA, Lesurtel M, Bossuyt PMM, Gores GJ, Langer B,
Perrier A. Recommendations for liver transplantation for hepatocel-
lular carcinoma: an international consensus conference report.
2012.

9. Yao FY, Fidelman N. Reassessing the boundaries of liver transplan-
tation for hepatocellular carcinoma: where do we stand with tumor
down-staging? Hepatology. 2016;63(3):1014–25.

10. Hameed B, Mehta N, Sapisochin G, Roberts JP, Yao FY. Alpha-
fetoprotein level > 1000 ng/mL as an exclusion criterion for liver
transplantation in patients with hepatocellular carcinoma meeting
the Milan criteria. Liver Transpl. 2014;20(8):945–51.

11. Heimbach J, Kulik LM, Finn R, Sirlin CB, Abecassis M, Roberts
LR, et al. Aasld guidelines for the treatment of hepatocellular car-
cinoma. Hepatology. 2017.

12. European Association for the Study of Liver. EASL clinical practice
guidelines: management of hepatocellular carcinoma. J Hepatol
2018.

13. Yao FY, Mehta N, Flemming J, Dodge J, Hameed B, Fix O, et al.
Downstaging of hepatocellular cancer before liver transplant: long-
term outcome compared to tumors within Milan criteria.
Hepatology. 2015;61(6):1968–77.

14. Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, Perrier
A, et al. Recommendations for liver transplantation for hepatocel-
lular carcinoma: an international consensus conference report.
Lancet Oncol. 2012;13(1):e11–22.

15. Kulik L, Heimbach JK, Zaiem F, Almasri J, Prokop LJ, Wang Z,
et al. Therapies for patients with hepatocellular carcinoma awaiting
liver transplantation: a systematic review and meta-analysis.
Hepatology. 2018;67(1):381–400.

16. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM,
Roberts LR, et al. AASLD guidelines for the treatment of hepato-
cellular carcinoma. Hepatology. 2018;67(1):358–80.

17. Ravaioli M, Grazi GL, Piscaglia F, Trevisani F, CesconM, Ercolani
G, et al. Liver transplantation for hepatocellular carcinoma: results
of down-staging in patients initially outside the Milan selection
criteria. Am J Transplant. 2008;8(12):2547–57.

18. Mehta N, Dodge JL, Roberts JP, Hirose R, Yao FY. Alpha-
fetoprotein decrease from >1000 to <500 ng/ml in patients with
hepatocellular carcinoma leads to improved post-transplant out-
comes. Hepatology. 2018(415):hep.30413-hep.

19. Lencioni R, de Baere T, Martin RC, Nutting CW, Narayanan G.
Image-guided ablation of malignant liver tumors: recommendations
for clinical validation of novel thermal and non-thermal technolo-
gies - a Western perspective. Liver Cancer. 2015;4(4):208–14.

20. Sapisochin G, Barry A, Doherty M, Fischer S, Goldaracena N,
Rosales R, et al. Stereotactic body radiotherapy vs. TACE or RFA
as a bridge to transplant in patients with hepatocellular carcinoma.
An intention-to-treat analysis. J Hepatol. 2017;67(1):92–9.

21. Wahl DR, Stenmark MH, Tao Y, Pollom EL, Caoili EM, Lawrence
TS, et al. Outcomes after stereotactic body radiotherapy or radio-
frequency ablation for hepatocellular carcinoma. J Clin Oncol.
2016;34(5):452–9.

22. Kulik LM, Atassi B, van Holsbeeck L, Souman T, Lewandowski
RJ, Mulcahy MF, et al. Yttrium-90 microspheres (TheraSphere)
treatment of unresectable hepatocellular carcinoma: downstaging
to resection, RFA and bridge to transplantation. J Surg Oncol.
2006;94(7):572–86.

23. Lewandowski RJ, Kulik LM, Riaz A, Senthilnathan S, Mulcahy
MF, Ryu RK, et al. A comparative analysis of transarterial
downstaging for hepatocellular carcinoma: chemoembolization ver-
sus radioembolization. Am J Transplant. 2009;9(8):1920–8.

24. Kulik L, Vouche M, Koppe S, Lewandowski RJ, Mulcahy MF,
Ganger D, et al. Prospective randomized pilot study of Y90+/-so-
rafenib as bridge to transplantation in hepatocellular carcinoma. J
Hepatol. 2014;61(2):309–17.

25. Villanueva A. Hepatocellular carcinoma. N Engl J Med.
2019;380(15):1450–62.

26. Yao FY, Hirose R, LaBerge JM, Davern TJ, Bass NM, Kerlan RK,
et al. A prospective study on downstaging of hepatocellular carci-
noma prior to liver transplantation. Liver Transpl. 2005;11(12):
1505–14.

27. Pomfret EA, Washburn K, Wald C, Nalesnik MA, Douglas D,
Russo M, et al. Report of a national conference on liver allocation
in patients with hepatocellular carcinoma in the United States. Liver
Transpl. 2010;16(3):262–78.

28. OPTN/UNOS Policy notice changes to HCC criteria for auto ap-
proval. Available from: https://optn.transplant.hrsa.gov/media/
2027/liver_policynotice_201612.pdf. Accessed 26 Aug 2019.

29. Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass NM, Feng S, et al.
Excellent outcome following down-staging of hepatocellular

Curr Hepatology Rep (2019) 18:400–407 405

https://optn.transplant.hrsa.gov/media/2027/liver_policynotice_201612.pdf
https://optn.transplant.hrsa.gov/media/2027/liver_policynotice_201612.pdf


carcinoma prior to liver transplantation: an intention-to-treat analy-
sis. Hepatology. 2008;48(3):819–27.

30. Mehta N, Dodge JL, Grab JD, Yao FY. National experience on
down-staging of hepatocellular carcinoma before liver transplant:
influence of tumor burden, AFP, and wait time. Hepatology. 2019.

31. Sinha J, Mehta N, Dodge JL, Poltavskiy E, Roberts J, Yao F. Are
there upper limits in tumor burden for down-staging of hepatocel-
lular carcinoma to liver transplant? Analysis of the all-comers pro-
tocol. Hepatology. 2019.

32. Heckman JT, Devera MB, Marsh JW, Fontes P, Amesur NB,
Holloway SE, et al. Bridging locoregional therapy for hepatocellu-
lar carcinoma prior to liver transplantation. Ann Surg Oncol.
2008;15(11):3169–77.

33. Yu CY, Ou HY, Huang TL, Chen TY, Tsang LL, Chen CL, et al.
Hepatocellular carcinoma downstaging in liver transplantation.
Transplant Proc. 2012;44(2):412–4.

34. Lo CM, Fan ST, Liu CL, Chan SC, Ng IO, Wong J. Living donor
versus deceased donor liver transplantation for early irresectable
hepatocellular carcinoma. Br J Surg. 2007;94(1):78–86.

35. Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, Mariani
L, et al. Predicting survival after liver transplantation in patients
with hepatocellular carcinoma beyond the Milan criteria: a retro-
spective, exploratory analysis. Lancet Oncol. 2009;10(1):35–43.

36. GratM,Kornasiewicz O, HołówkoW, Lewandowski Z, Zieniewicz
K, Paczek L, et al. Evaluation of total tumor volume and
pretransplantation α-fetoprotein level as selection criteria for liver
transplantation in patients with hepatocellular cancer. Transplant
Proc. 2013;45(5):1899–903.

37. Sapisochin G, Goldaracena N, Laurence JM, Dib M, Barbas A,
Ghanekar A, et al. The extended Toronto criteria for liver transplan-
tation in patients with hepatocellular carcinoma: a prospective val-
idation study. Hepatology. 2016;64(6):2077–88.

38. Kaido T, Ogawa K, Mori A, Fujimoto Y, Ito T, Tomiyama K, et al.
Usefulness of the Kyoto criteria as expanded selection criteria for
liver transplantation for hepatocellular carcinoma. Surgery.
2013;154(5):1053–60.

39. Shimamura T, Akamatsu N, Fujiyoshi M, Kawaguchi A, Morita S,
Kawasaki S, et al. Expanded living-donor liver transplantation
criteria for patients with hepatocellular carcinoma based on the
Japanese nationwide survey: the 5-5-500 rule - a retrospective
study. Transpl Int. 2019;32(4):356–68.

40. Mazzaferro V, Sposito C, Zhou J, Pinna AD, De Carlis L, Fan J,
et al. Metroticket 2.0 model for analysis of competing risks of death
after liver transplantation for hepatocellular carcinoma.
Gastroenterology. 2018;154(1):128–39.

41. Yilmaz C, Karaca CA, Iakobadze Z, Farajov R, Kilic K, Doganay
L, et al. Factors affecting recurrence and survival after liver trans-
plantation for hepatocellular carcinoma. Transplant Proc.
2018;50(10):3571–6.

42. Caicedo LA, Delgado A, Duque M, Jiménez DF, Sepulveda M,
García JA, et al. Tumor biology as predictor of mortality in liver
transplantation for hepatocellular carcinoma. Transplant Proc.
2018;50(2):485–92.

43. DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cattral MS,
et al. Liver transplantation for advanced hepatocellular carcinoma
using poor tumor differentiation on biopsy as an exclusion criterion.
Ann Surg. 2011;253(1):166–72.

44. Tamura S, Kato T, Berho M, Misiakos EP, O’Brien C, Reddy KR,
et al. Impact of histological grade of hepatocellular carcinoma on
the outcome of liver transplantation. Arch Surg 2001.

45. Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran H,
Piardi T, et al. Liver transplantation for hepatocellular carcinoma: a
model including α-fetoprotein improves the performance of Milan
criteria. Gastroenterology. 2012;143(4):985–6.

46. Shimamura T, Akamatsu N, Fujiyoshi M, Kawaguchi A, Morita S,
Kawasaki S, et al. Expanded living-donor liver transplantation

criteria for patients with hepatocellular carcinoma based on the
Japanese nationwide survey: the 5-5-500 rule - a retrospective
study. Transpl Int. 2019;32(4):356–68.

47. Zheng SS, Xu X, Wu J, Chen J, Wang WL, Zhang M, et al. Liver
transplantation for hepatocellular carcinoma: Hangzhou experi-
ences. Transplantation. 2008;85:1726–32.

48.• DiNorcia J, Florman SS, Haydel B, Tabrizian P, Ruiz RM,
Klintmalm GB, et al. Pathologic response to pretransplant
locoregional therapy is predictive of patient outcome after liver
transplantation for hepatocellular carcinoma: analysis from the us
multicenter hcc transplant consortium. Ann Surg. 2019. The study
analyzed HCC patients that achieved complete pathologic re-
sponse after bridging therapies prior to LT and reinforces the
importance of tumor biology (response to therapy) rather than
solely size and number for patient selection for LT.

49. Lee DD, Samoylova M, Mehta N, Musto KR, Roberts JP, Yao FY,
et al. The mRECIST classification provides insight into tumor bi-
ology for patients with hepatocellular carcinoma awaiting liver
transplantation. Liver Transpl. 2019;25(2):228–41.

50. Finkenstedt A, Vikoler A, PortenkirchnerM,Mülleder K,Maglione
M, Margreiter C, et al. Excellent post-transplant survival in patients
with intermediate stage hepatocellular carcinoma responding to
neoadjuvant therapy. Liver Int. 2016;36(5):688–95.

51.• Halazun KJ, Tabrizian P, Najjar M, Florman S, Schwartz M,
Michelassi F, et al. Is it time to abandon the Milan Criteria?: results
of a bicoastal US collaboration to redefine hepatocellular carcino-
ma liver transplantation selection policies. Ann Surg. 2018;268,
690(4, 9) This is an important recent study with multicenter
data from the USA evaluating the effect of response to bridging
therapies by serum biomarkers and the importance of includ-
ing this in patient selection criteria.

52. Zhou Y, He L, Huang Y, Chen S, Wu P, Ye W, et al. CT-based
radiomics signature: a potential biomarker for preoperative predic-
tion of early recurrence in hepatocellular carcinoma. Abdominal
Radiology. 2017;42(6):1695–704.

53. Lee SD, Lee B, Kim SH, Joo J, Kim S-K, Kim Y-K, et al. Proposal
of new expanded selection criteria using total tumor size and 18 F-
fluorodeoxyglucose - positron emission tomography/computed to-
mography for living donor liver transplantation in patients with
hepatocellular carcinoma: the National Cancer Center Korea
criteria. World J Transplant. 2016;6(2):411.

54. Kornberg A, Küpper B, Tannapfel A, Büchler P, Krause B, Witt U,
et al. Patients with non-[18 F]fludeoxyglucose-avid advanced he-
patocellular carcinoma on clinical staging may achieve long-term
recurrence-free survival after liver transplantation. Liver Transpl.
2012;18(1):53–61.

55. MacParland SA, Liu JC, Ma X-Z, Innes BT, Bartczak AM, Gage
BK, et al. Single cell RNA sequencing of human liver reveals dis-
tinct intrahepatic macrophage populations. Nat Commun.
2018;9(1):4383.

56. Wang S, Zheng Y, Liu J, Huo F, Zhou J. Analysis of circulating
tumor cells in patients with hepatocellular carcinoma recurrence
following liver transplantation. J Investig Med. 2018;66(5):1–6.

57. Amado V, Rodríguez-Perálvarez M, Ferrín G, De la Mata M.
Selecting patients with hepatocellular carcinoma for liver transplan-
tation: incorporating tumor biology criteria. Journal of
Hepatocellular Carcinoma. 2018;6:1–10.

58. Bruix J, Fuster J, Llovet JM. Liver transplantation for hepatocellular
carcinoma: Foucault pendulum versus evidence-based decision.
Liver Transpl. 2003;9:700–2.

59. Volk ML, Vijan S, Marrero JA. A novel model measuring the harm
of transplanting hepatocellular carcinoma exceeding Milan criteria.
Am J Transplant. 2008;8(4):839–46.

60. Limkemann AJP, Abreu P, Sapisochin G. How far can we go with
hepatocellular carcinoma in living donor liver transplantation? Curr
Opin Organ Transplant. 2019;24:644–50.

Curr Hepatology Rep (2019) 18:400–407406



61. Ninomiya M, Shirabe K, Facciuto ME, Schwartz ME, Florman SS,
Yoshizumi T, et al. Comparative study of living and deceased donor
liver transplantation as a treatment for hepatocellular carcinoma. J
Am Coll Surg. 2015;220(3):297–304.e3.

62. Ogawa K, Takada Y. Living vs. deceased-donor liver transplanta-
tion for patients with hepatocellular carcinoma. Translational
Gastroenterology and Hepatology. 2016;1:35.

63. Kollmann D, Sapisochin G, Goldaracena N, Hansen BE,
Rajakumar R, Selzner N, et al. Expanding the donor pool: donation
after circulatory death and living liver donation do not compromise
the results of liver transplantation. Liver Transpl. 2018;24(6):779–
89.

64. Kulik LM, Fisher RA, Rodrigo DR, Brown RS, Freise CE, Shaked
A, et al. Outcomes of living and deceased donor liver transplant
recipients with hepatocellular carcinoma: results of the A2ALL
cohort. Am J Transplant. 2012;12(11):2997–3007.

65.•• Goldaracena N, Gorgen A, Doyle A, Hansen BE, Tomiyama K,
Zhang W, et al. Live donor liver transplantation for patients with
hepatocellular carcinoma offers increased survival vs. deceased do-
nation. J Hepatol. 2019;70(4):666–73 This is a large volume
North American single-center intention-to-treat analysis of
HCC patients post-LT demonstrating survival benefit of
LDLTwhen a living donor is available.

66.•• Wong TCL, Ng KKC, Fung JYY, Chan AAC, Cheung TT, Chok
KSH, et al. Long-term survival outcome between living donor and
deceased donor liver transplant for hepatocellular carcinoma:
intention-to-treat and propensity score matching analyses. Ann
Surg Oncol. 2019;26(5):1454–62 This is a large volume Asian
single-center intention-to-treat analysis of HCC patients com-
paring LDLT to DDLT in a propensity score matching analysis
showing the survival advantage of LDLT.

67. Mehta N, Dodge JL, Roberts JP, Yao FY. Validation of the prog-
nostic power of the RETREAT score for hepatocellular carcinoma
recurrence using the UNOS database. Am J Transplant. 2018;18(5):
1206–13.

68. 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 recur-
rence after liver transplant. JAMA Oncol. 2018;0538(4):493–500.

69. Yang JD, Aqel BA, Pungpapong S, Gores GJ, Roberts LR, Leise
MD. Direct acting antiviral therapy and tumor recurrence after liver
transplantation for hepatitis C-associated hepatocellular carcinoma.
J Hepatol. 2016;65(4):859–60.

70. Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Caraceni P,
et al. Direct-acting antiviral interferon-free regimens to treat chronic
hepatitis C: risk of hepatitis B reactivation. Gaceta Medica de
Bilbao. 2017;114(1):42–4.

71. Reig M, Mariño Z, Perelló C, Iñarrairaegui M, Ribeiro A, Lens S,
et al. Unexpected high rate of early tumor recurrence in patients
with HCV-related HCC undergoing interferon-free therapy. J
Hepatol. 2016;65(4):719–26.

72. Bruix J, Takayama T, Mazzaferro V, Chau GY, Yang J, Kudo M,
et al. Adjuvant sorafenib for hepatocellular carcinoma after resec-
tion or ablation (STORM): a phase 3, randomised, double-blind,
placebo-controlled trial. The Lancet Oncology. 2015;16(13):1344–
54.

73. Menon KV, Hakeem AR, Heaton ND. Meta-analysis: recurrence
and survival following the use of sirolimus in liver transplantation
for hepatocellular carcinoma. Aliment Pharmacol Ther. 2013;37(4):
411–9.

74. Toso C, Merani S, Bigam DL, Shapiro AMJ, Kneteman NM.
Sirolimus-based immunosuppression is associated with increased
survival after liver transplantation for hepatocellular carcinoma.
Hepatology. 2010;51(4):1237–43.

75. Zimmerman MA, Trotter JF, Wachs M, Bak T, Campsen J, Skibba
A, et al. Sirolimus-based immunosuppression following liver trans-
plantation for hepatocellular carcinoma. Liver Transpl. 2008;14(5):
633–8.

76. Vivarelli M, Dazzi A, Zanello M, Cucchetti A, Cescon M, Ravaioli
M, et al. Effect of different immunosuppressive schedules on
recurrence-free survival after liver transplantation for hepatocellular
carcinoma. Transplantation. 2010;89(2):227–31.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Curr Hepatology Rep (2019) 18:400–407 407


	Downstaging and Expanded Criteria Hepatocellular Carcinoma Liver Transplantation
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Tumor Downstaging
	Downstaging Target
	Types of Locoregional Therapies
	Downstaging Protocols and Outcomes After Downstaging

	Expanded Criteria to LT for HCC
	Serum and Tissue Markers as Surrogates of Tumor Biology
	Response to Locoregional Treatments as a Surrogate of Tumor Biology
	Future Prospects
	LDLT for HCC
	Preventing Recurrence Postoperatively

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance





