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The success of liver transplant (LT) for hepatocellular carcinoma (HCC) is dependent on
accurate tumor staging using validated imaging criteria, and adherence to acceptable
criteria based on tumor size and number. Other factors including α-fetoprotein (AFP)
and response to local regional therapy (LRT) have now played a larger role in candidate
selection. Tumor downstaging is deﬁned as reduction in the size of viable tumors using
LRT to meet acceptable criteria for LT, and serves as a selection tool for a subgroup of
HCC with more favorable biology. The application of tumor downstaging requires a
structured approach involving three key components in tumor staging—initial tumor
stage and eligibility criteria, tumor viability assessment following LRT, and target
tumor stage prior to LT—and incorporation of AFP into staging and treatment response
assessments. In this review, we provide in-depth discussions of the key role of these
staging deﬁnitions in ensuring successful outcome.

More than two decades ago, the Milan criteria (1 nodule
 5 cm or 2–3 nodules  3 cm) deﬁned the benchmark for
achieving survival after liver transplant (LT) in hepatocellular
carcinoma (HCC) similar to that of nonmalignant indications.1 As a result, LT has been widely accepted as an effective
treatment for early-stage HCC with an acceptable risk for
post-LT HCC recurrence using these restrictive criteria.2–5
Over time, however, we have witnessed a gradual shift in the
approach to patient selection. Rather than relying solely on
the morphologic criteria based on tumor size and number,
we have incorporated surrogates of tumor “biology” metrics,
most notably α-fetoprotein (AFP) and tumor response to
local regional therapy (LRT), in the selection scheme.3–7
Downstaging of HCC represents a structured approach that
aims at merging expansion of tumor size limits beyond
conventional criteria with objective and sustained response
to LRT as an additional risk stratiﬁcation tool.8 It is believed
that response to LRT with successful downstaging of HCC is a
marker of a more favorable tumor biology in a subset of
patients with initial tumor burden beyond conventional LT
criteria who would likely also do well after LT.8 As data on

downstaging continue to emerge,8,9 this strategy has gained
broader acceptance in clinical practice.4–6 While many other
criteria have been proposed for LT beyond the Milan criteria,
with most combining an assessment of tumor burden with
AFP,10–15 downstaging has recently been incorporated into
the organ allocation policy for HCC in the United States.
Deﬁning the initial tumor stage prior to downstaging, treatment end point with respect to tumor stage prior to LT, and
how to assess tumor stage following LRT are key components
of the downstaging process. In this review, we emphasize the
key roles of these staging deﬁnitions in helping to ensure
successful outcome of LT after tumor downstaging.
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Structured Approach to Tumor Downstaging
A highly structured and multidisciplinary approach is essential
in the successful application of downstaging treatments and in
the assessments of treatment response over time. ►Fig. 1
summarizes the essential steps in the execution of tumor
downstaging, which includes three key components related
to tumor staging—initial tumor stage and eligibility criteria,
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Fig. 1 Schematic diagram of downstaging protocol.

tumor viability assessment following LRT, and target tumor
stage (treatment end point) prior to LT. AFP is an important
prognostic marker and should be incorporated into staging
and treatment response assessments. A minimal observation
period of 3 months from successful tumor downstaging to LT
without additional LRT treatment is recommended to ensure
disease stability prior to LT.8,16 We deﬁne treatment failure
and exclusion from LT as tumor progression to beyond entry
criteria for downstaging, tumor vascular invasion, or extrahepatic metastases. It is important to emphasize that careful
radiologic assessments are needed not only for tumor burden
in the liver, but also to exclude extrahepatic disease or tumor
vascular invasion at baseline and at every time point in the
staging and re-evaluation process. The proposed staging definitions are summarized in ►Table 1. All the important
components related to tumor staging will be discussed in
detail in the subsequent sections in this review.

Radiologic Assessment of HCC Diagnosis and
Stage
The diagnosis of HCC is established radiographically if typical
imaging features are present on a multiphase dynamic contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) in patients with cirrhosis or other known
risk factors for HCC. The presence of arterial hyperenhanceSeminars in Liver Disease
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ment followed by washout on delayed phases of imaging is
highly speciﬁc for HCC  10 mm in diameter, and these
diagnostic parameters have been adopted by the American
Association for the Study of Liver Disease (AASLD) since 2005
and the European Association for the Study of Liver disease
(EASL) practice guidelines.2,3
The Liver Imaging Reporting and Data System (LI-RADS) was
launched in March 2011 to improve standardization and
consensus regarding performance, interpretation, and reporting CT and MRI of the liver in patients with cirrhosis or other
risk factors,17 and was also incorporated into the United
Network for Organ Sharing (UNOS)/Organ Procurement and
Transplantation Network (OPTN) guidelines.18 One of the goals
of LI-RADS is to render false-positive imaging diagnoses of HCC
as exceedingly rare. LI-RADS category assignment depends on
four imaging criteria: arterial phase hyperenhancement, washout, capsule, and threshold growth (deﬁned as > 50% diameter
increase in < 6 months). Two of these criteria, namely capsule
and threshold growth, have not been validated. A major
concern using threshold growth in combination with arterial
phase enhancement in radiologic diagnosis is the inability to
differentiate between HCC and intrahepatic cholangiocarcinoma, which is increasing in prevalence among patients with
cirrhosis and considered a contraindication to LT.19,20 As a
result, radiologic diagnosis of HCC should be based on the
AASLD 2005 or EASL criteria of arterial hyperenhancement
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Table 1 Standardized downstaging protocol
Eligibility criteria and initial tumor stagea
1. UCSF downstaging criteria (UNOS/OPTN criteria)
(a) Single nodule  8 cm
(b) 2 or 3 nodules each  5 cm with the sum of the maximal diameters of all nodules  8 cm
(c) 3 or 4 nodules each  5 cm with the sum of the maximal diameters of all nodules  8 cm
2. Absence of extrahepatic disease and vascular invasion on cross-sectional imaging of the chest and abdomen
3. Child’s A and B cirrhosis with total bilirubin  3 mg/dLb
1. Only viable tumor(s) are considered; tumor-diameter measurements should not include the area of necrosis from local
regional therapy
2. If there are more than one area of residual tumor enhancement, then the diameter of the entire lesion should be counted
toward the overall tumor burden
3. When enhancement at or near the treatment site is considered equivocal for HCC recurrence, close follow-up with repeat
imaging in 2–3 months is needed to ensure stability and absence of radiologic features to suggest HCC recurrence
4. If tumor progression beyond LT criteria occurs but the active tumor burden remains within downstaging entry criteria, LT
should be put on hold, and repeat LRT should be undertaken until the end point of downstaging is achieved for the patients
to be eligible again for LT
Target tumor stage prior to liver transplant (criteria for successful downstaging)a
1. Minimal criteria should be residual viable tumor size and diameter meeting Milan criteria
2. Complete tumor necrosis recommended prior to LT
Criteria for downstaging failure and exclusion from liver transplanta
1. Progression of tumor(s) to beyond inclusion/eligibility criteria for downstaging (as deﬁned above)
2. Tumor invasion of a major hepatic vessel based on cross-sectional imaging of the abdomen
3. Lymph node involvement by tumor or extrahepatic spread of tumor based on cross-sectional imaging of the chest and
abdomen (and additional imaging as clinically indicated)
4. AFP  1,000 ng/mL; unless the AFP level decreases to <100 ng/mL after local regional therapy
Additional guidelines
1. A minimal observation period of 3 months between successful tumor downstaging and liver transplant is required. This
should be based on two consecutive cross-sectional imaging studies at least 3 months apart showing disease stability with
successful downstaging being maintained according to imaging criteria without local regional therapy
2. A patient with acute hepatic decompensation after downstaging treatment is not eligible for liver transplant unless criteria
for successful downstaging and minimal observation period are met
3. A patient with Child’s B or C cirrhosis and AFP  1,000 ng/mL at baseline should not undergo downstagingc
Abbreviations: AFP, α-fetoprotein; HCC, hepatocellular carcinoma; LT, liver transplant; OPTN, Organ Procurement and Transplantation Network;
UCSF, University of California San Francisco; UNOS, United Network for Organ Sharing.
a
Criteria based on cross-sectional imaging with multiphase CT or MRI of the abdomen showing arterial phase hyperenhancement and washout in the
delayed phase for diagnosis of HCC.
b
Recommendations based on guidelines for transarterial chemoembolization procedure.
c
Based on 100% downstaging failure rate in these patients in one study.18

followed by washout on delayed phases,2,3 and biopsy of the
lesion is indicated to provide histologic conﬁrmation if the
nodule does not fulﬁll the typical radiologic features of HCC.
Following LRT, radiographic assessments of tumor size
should be based on measurements of the maximum diameter of only viable tumors by multiphase CT or MRI, and should
not include the area of necrosis resulting from LRT. This
follows the principles of the modiﬁed Response Evaluation
Criteria in Solid Tumors (mRECIST)21 and EASL3 guidelines.
More recently, LI-RADS provided further classiﬁcations
based on tumor viability following LRT (see under tumor
response following LRT).
While imaging criteria for the diagnosis of the main tumor
nodule are based on validated criteria, controversies exist for
the registration of additional/satellite nodules as HCC in the
staging process.22 We apply the same criteria of arterial
enhancement and washout in the classiﬁcation of these
additional nodules as HCC, and yet other additional lesions

may be misclassiﬁed and contribute to tumor understaging.
Consequently, further investigations based on clinicopathologic correlations are needed.

Deﬁning the Initial Tumor Stage to Qualify
for Downstaging
Restricting the upper limits in initial tumor burden (size and
number) for downstaging serves two purposes. First, this
approach avoids futile attempts, taking into consideration
the low probability of achieving successful tumor downstaging in patients with very large tumors or a high number
of tumor nodules, and the potential risks of LRT including
hepatic decompensation. Second, it is likely that by relaxing
the eligibility criteria, post-LT survival would be compromised even if downstaging is achieved prior to LT.
Only a few studies on tumor downstaging for LT have welldeﬁned upper limits in tumor size and number at entry.8,9 In
Seminars in Liver Disease
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Fig. 2 The association between the probability of downstaging to
Milan criteria and the initial tumor burden based on the sum of the
largest tumor diameter and the number of tumor nodules. (Modiﬁed
with permission from Reig et al. 22)

the University of California San Francisco (UCSF) downstaging
protocol,23 the eligibility criteria included 1 nodule  8 cm, 2 to
3 nodules each  5 cm and the sum of the maximal diameters
 8 cm, and 4 to 5 nodules each  3 cm and the sum of the
maximal diameters  8 cm. These tumor burden thresholds
were modiﬁed from the proposed UCSF criteria,10 which was
in part based on the observation that the total tumor diameter > 8 cm predicted worse survival after LT. In a study by
Ravaioli et al from Bologna, Italy,24 the upper limits included 1
nodule  6 cm, 2 nodules each  5 cm, and 3 to 5 nodules each
 4 cm with the sum of maximal diameters  12 cm. Using
Milan criteria as the end point of downstaging, 65% of patients
in the UCSF study achieved successful downstaging and 54%
had received LT. In a subsequent multicenter study by Mehta
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et al applying the UCSF downstaging protocol, the probability
of successful downstaging was 83% and 58% had received LT.25
In the Bologna study,24 67% of their patients were able to be
downstaged to Milan criteria and underwent LT. Murali et al26
reported a signiﬁcantly lower chance for successful downstaging in patients with initial tumor size and number exceeding UCSF criteria10 or the up-to-7 criteria11 when compared
with those with tumors within these criteria.
In other studies without clearly deﬁned upper limits in the
tumor burden, the proportion of successful downstaging was
only 44%, with a range of 11 to 77%.9 Sinha et al recently
compared the outcomes of downstaging between the group
meeting the UCSF downstaging criteria at entry versus those
exceeding these criteria without upper limits in tumor size or
number (“all-comers”).27 Successful downstaging to Milan was
observed in 65% of the “all-comers” group versus 84% of those
in the UCSF downstaging group. The “all-comers” group also
had a signiﬁcantly lower LT rate (14 vs. 59%). This study also
observed a good correlation between the sum of tumor number
and largest tumor diameter and the likelihood of successful
downstaging (►Fig. 2). The cumulative probability of successful downstaging at 1 year from time of ﬁrst LRT decreased
incrementally with a greater sum of the tumor number and
largest tumor diameter. It went from 68% for those with a sum
of 8, to 57% in patients with this sum equal to 10, 47% in patients
with the sum of 12, and 38% in those with a sum of 14 (►Fig. 3).
These observations support the notion that an upper limit in
tumor burden exists beyond which successful LT after tumor
downstaging becomes an unrealistic goal.27
Post-LT survival following successful tumor downstaging
to Milan criteria has been shown to be similar to that in
patients meeting Milan criteria at the outset. The vast
majority of these studies were based on initial tumor burden

Fig. 3 Multiphase CT following conventional transarterial chemoembolization showing deposition of ethiodized oil (arrows) within the treated
lesion. Subtle residual enhancement may be obscured by the chemoembolization material. CT, computed tomography.
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meeting the UCSF downstaging criteria,23,25,28,29 with 5-year
post-LT survival up to 80% in the downstaged group.23,25 In
the Bologna study,24 the 3-year disease-free survival was
lower at 71% but comparable to the group meeting Milan
criteria at the outset. In a preliminary report by Tabrizian
et al of the largest U.S. multicenter study to date,29 the
10-year post-LT survival was 52% for the 330 patients with
initial tumor stage meeting the UCSF downstaging criteria
who achieved successful downstaging to Milan criteria,
versus 61% among the 2,086 patients with tumors always
within Milan. In contrast, the 10-year post-LT survival of the
110 patients with tumors beyond Milan criteria at LT was
signiﬁcantly lower at 39%.29 To improve on the quality of this
and other multicenter cohort studies on downstaging, radiologic staging criteria should be vigorously deﬁned, prospectively implemented, and ideally based on an independent
central review process to ensure accuracy. The post-LT outcomes from these studies using speciﬁc criteria for initial
tumor burden are summarized in ►Table 2.
Whether the initial tumor stage prior to downstaging predicts post-LT outcome is still a matter of debate. A recent study
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by Mehta et al28 on the national experience of tumor downstaging using the UNOS database observed similar 3-year postLT survival among HCC patients always within Milan criteria
(83%) compared with those initially meeting UCSF downstaging
criteria (79%) who were successfully downstaged into Milan
criteria prior to LT. However, the 3-year post-LTsurvival in those
with initial tumor stage beyond these criteria despite successful
downstaging was signiﬁcantly lower at 71%.28 A prospective
multicenter study is ongoing to address this issue.
As many LT centers began to employ tumor downstaging
strategies for LT, staging deﬁnitions and end points varied
widely across regions.30 In an effort to standardize criteria
for downstaging, a new liver allocation policy has been
implemented in the United States that would allow priority
listing for LT for those with initial tumor burden meeting the
UCSF downstaging criteria who have achieved successful
downstaging to within Milan criteria.30 Applying these
upper limits of initial tumor burden represents a starting
point in the standardized application of tumor downstaging
on a broader scale, and provides the opportunity for future
validation and further reﬁnements.

Table 2 Summary of posttransplant outcome following downstaging based on speciﬁc initial tumor staging criteria
Author, year,
institution
(reference)

Initial tumor
staging
criteria

Study
design

Post-transplant survival

p-Value

Yao 2015;
San Francisco, CA16

UCSF
downstaging
criteria

Prospective
single-center
study

Downstaged (n ¼ 64): 5-year survival 78%; 5-year recurrence-free
probability 91%
Milan criteria (no downstaging)
(n ¼ 332): 5-year survival 81%, 5-year
recurrence-free probability 88%

NS

Mehta 2018;
Multicenter
Region 5 (3 centers)

UCSF
downstaging
criteria

Retrospective
multicenter
study

Downstaged (n ¼ 109): 5-year survival 80%; 5-year recurrence-free
probability 87%

Mehta 2020;
UNOS database23

UCSF
downstaging
criteria

Retrospective
database
analysis

Within UCSF downstaging criteria
and downstaged to Milan (n ¼ 422):
3-year survival 79%
Milan criteria (no downstaging)
(n ¼ 3,276): 3-year survival 83%
Beyond UCSF downstaging criteria,
and downstaged to Milan criteria
(n ¼ 121): 3-year survival 71%

p ¼ 0.04 for beyond UCSF
downstaging criteria vs.
Milan
p ¼ NS for meeting UCSF
downstaging criteria vs.
Milan

Tabrizian 2019 ;
US multicenter
study (5 centers)24

UCSF
downstaging
criteria

Retrospective
multicenter
study

Downstaged (n ¼ 330): 10-year
survival 52%; 10-year recurrence 20%
Milan criteria (no downstaging)
(n ¼ 2,086): 10-year survival 61%;
10-year recurrence 14%
Beyond Milan criteria, not downstaged (n ¼ 110): 10-year survival
39%; 10-year recurrence 47%

p < 0.001 for beyond Milan
(not downstaged) vs. other
groups

Ravaioli 2008;
Bologna, Italy

Bologna
criteria

Prospective
single-center
study

Downstaged (n ¼ 32): 3-year tumor-free survival 71%
Milan criteria (no downstaging)
(n ¼ 88): 3-year tumor-free survival
71%

NS

18

17

Abbreviation: UCSF, University of California San Francisco.
Note: UCSF downstaging criteria: 1 lesion  8 cm; 2–3 lesions  5 cm and total diameter  8 cm; 4–5 lesions  3 cm and total diameter  8 cm.
Bologna criteria: 1 lesion  6 cm; 2 lesions  5 cm; 3–5 lesions  4 cm and total diameter  12 cm.
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Local Regional Therapy for Tumor Downstaging
LRT for the purpose of downstaging of HCC to LT typically
starts with a transarterial approach using conventional or
drug-eluting bead transarterial chemoembolization (TACE),
or yttrium-90 transarterial radioembolization (TARE). The
majority of published series employed TACE as the mainstay
of downstaging treatments.8,9 The advantages of using a
transarterial approach upfront include complete targeting
of large (> 5 cm) lesions or of multiple lesions within a
treated liver sector, and coverage of satellite nodules. Selection of the initial transarterial approach is dependent on the
institutional expertise and remains a subject of considerable
debate. The PREMIERE trial31 is a single-center randomized
controlled trial comparing conventional TACE with TARE,
and mainly focused on patients with HCC who were potentially eligible for bridging or downstaging to LT. Their results
suggest a signiﬁcantly longer median time to progression for
patients who were treated with TARE (> 26 vs. 6.8 months),
but the study is limited by the small number of patients in
each arm. In a preliminary report from a large prospective
multicenter study on downstaging involving seven centers
(MERIT-LT consortium)32 comparing 128 patients who underwent TACE and 61 patients who underwent TARE as
initial downstaging treatment, there were no observed differences in mRECIST response, probability of downstaging,
time to successful downstaging, or probability of waitlist
dropout.
Underlying liver function is an important consideration
when applying LRT for downstaging. The risk of hepatic
decompensation or death is too high for a patient with
Child’s C cirrhosis (Child–Pugh–Turcotte score  10) and
total bilirubin > 3 mg/dL to justify the attempt for downstaging.8 In selected cases with mildly decompensated
cirrhosis, however, several studies have assessed the use of
TACE as a bridge to LT.33,34 These patients were found to be at
an increased risk for treatment-related hepatic decompensation, but many were able to be treated successfully and
safely using a superselective, subsegmental approach. TARE
is typically reserved for patients with Child’s A cirrhosis
(Child–Pugh–Turcotte score 5–6) and serum total
bilirubin < 2 mg/dL. The generally accepted serum total bilirubin cutoff of 2 mg/dL for TARE is based on expert
opinion31,35 and the concern for increased risk of radioembolization-induced liver disease characterized by increasing total bilirubin and a sinusoidal obstruction syndrome
among those with baseline total bilirubin > 2 mg/dL.35 While
TARE has been tried in some patients with mildly decompensated cirrhosis,36 more data on the safety and efﬁcacy of
TARE in this setting are needed.
Transarterial modalities may continue to be employed in
the retreatment of residual or recurrent disease following
the initial round of LRT, if underlying liver function permits
safe LRT with the goal of maintaining patients within LT
criteria. Lesions that develop extrahepatic arterial supply
(e.g., via the phrenic, internal mammary, adrenal, omental,
and intercostal arteries) may be safely treated with conventional TACE. There have been concerns about skin toxicity in
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using TACE with drug-eluting beads for tumors with extrahepatic supply due to the risk of deposition of permanent
embolic particles within terminal arteries supplying the
skin, whereas the experience with conventional TACE is
extensive in this setting.37–39 TACE may be repeated multiple
times provided that liver function remains adequate and as
long as tumor-feeding arteries can be identiﬁed and catheterized.40 Repeated radiation segmentectomy targeting multiple different liver segments may be risky due to the
expected irreversible radiation injury to the targeted liver
segments and the risk of cumulative hepatotoxicity.
Alternative approaches for treatment of residual and/or
recurrent tumors may include thermal ablation (radiofrequency or microwave), percutaneous ethanol injection, and
external beam radiation or stereotactic body radiotherapy.
Percutaneous thermal and chemical ablation should be limited
to residual tumor nodules or satellite nodules up to 3 cm in
maximal diameter.2,3 Tyrosine kinase inhibitors including
sorafenib have not been shown to confer added beneﬁts
when used in combination with LRT as a bridge to LT,41 and
have not been adequately studied in tumor downstaging prior
to LT. In the past few years, several immunotherapies and
small-molecule inhibitors have been approved for advanced
HCC and are now being tested in combination with LRT. It
remains unknown if these new systemic therapies have a role
in pre-LT therapies among downstaging candidates.

Tumor Staging after Local Regional Therapy
Following transarterial therapy, disappearance of arterial
hyperenhancement and washout with hypodense or hypointense lesion appearance on all phases of postcontrast imaging
on CT or MRI is indicative of radiographic complete response
based on mRECIST and EASL amendment.42 LI-RADS provides a
detailed guidance on CT and MRI interpretation after LRT.43
Lack of residual enhancement or presence of treatment-speciﬁc
enhancement pattern allows lesion categorization as LR-TR
nonviable. Presence of nodular, mass-like, or thick irregular
tissue in or along the lesion with (1) arterial phase hyperenhancement, or (2) washout appearance, or (3) enhancement
similar to pretreatment is categorized as LR-TR viable. LR-TR
equivocal response category is assigned for lesions demonstrating enhancement that is atypical for a treatment-speciﬁc
expected enhancement pattern and not meeting criteria for
probably or deﬁnitely viable.43
As already noted, radiographic assessments of tumor size
following LRT should be based on measurements of the maximum diameter of only viable tumors by multiphase CT or MRI,
and should not include the area of necrosis resulting from LRT.
One problem that we encounter in this approach with downstaging to Milan as the end point is when there are more than
one areas of viable tumor enhancement within the same
nodule. For example, following LRT of a 6-cm tumor, there
are two areas of viable tumor within the same lesion each
measuring 2 cm in maximal diameter (►Fig. 4). We do not
recommend adding the diameter of these two areas (total
maximal diameter of 4 cm) or reclassifying the tumor as two
separate tumors each 2 cm to render this as successful
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Fig. 4 Contrast-enhanced computed tomography images in the arterial
phase illustrating two areas of tumor enhancement (arrows) within the
tumor following transarterial chemoembolization with drug-eluting beads.
(Modiﬁed with permission from Yao and Fidelman.8)

downstaging to within Milan criteria. Instead, the tumor should
be staged as a partially treated 6-cm tumor (LR-TR viable), and
further treatments are needed for downstaging. If there is only
one residual area of viable tumor measuring 2 cm after additional LRT, then the 2 cm viable tumor is now within Milan
criteria and the tumor has been successfully downstaged.
After intra-arterial therapy. radiographic evaluation of
treatment response is often not straightforward. Deposition
of iodine-containing ethiodized oil within a lesion following
conventional TACE may obscure areas of enhancing viable
tumor on postprocedure CT (►Fig. 3), and incomplete deposition despite apparent complete response may be a sign of
incomplete treatment.44 Under these circumstances, MRI
may be helpful in identifying residual tumor. Changes within
the target tissue perfusion on CT and MRI are common after
embolotherapy. Postprocedure scans may show geographic
regions of arterial hyperenhancement that may mimic residual or recurrent HCC. However, absence of delayed phase
washout and restricted diffusion on MRI may help distinguish these parenchymal imaging alterations from residual
or recurrent HCC (►Fig. 5). These ﬁndings should be followed
for stability or resolution at 2 to 3 month intervals. Evaluation of treatment response following TARE is much more
challenging. Scans obtained fewer than 3 months after TARE
often show residual arterial hyperenhancement within the
treated lesions that is difﬁcult to differentiate from residual
viable tumor.45 Intra-arterial therapies deliver very high
doses of potent therapeutic agents and may also cause tumor
ischemia or hypoxia, resulting in acute necrosis and hemorrhage. These changes may even result in a paradoxical
increase in tumor size at early follow-up imaging. In addition, treated tumors may demonstrate certain characteristic
patterns of enhancement that may be mistaken for untreated
or residual tumor. This enhancement may be secondary to
posttreatment changes such as reactive edema or the forma-
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tion of granulation tissue. The use of quantitative diffusionweighted MRI or ﬂuorine-18-ﬂuorodeoxyglucose positron
emission tomography (18F-FDG-PET) to address this problem
requires further study using standardized protocols45. By
3 months after radiation, the tumors would be expected to
decrease in size and to start developing typical imaging
ﬁndings of necrosis. Some residual lesional hyperenhancement may persist for months after the treatment despite
overall continued decrease of the lesion size. This problem in
evaluating treatment response and presence of viable tumor
may be even worse after external beam radiation or stereotactic body radiotherapy. For patients with high clinical
suspicion of residual HCC due to interval lesional growth
between the baseline and follow-up imaging studies and/or
persistently elevated AFP, additional LRT with a different
modality such as TACE or thermal ablation should be pursued without waiting 3 months after TARE.
While successful use of LRT for downstaging to LT criteria
is adequate for activation on the LT list, continuation of LRT
after successful downstaging until radiographic complete
response by mRECIST is achieved is a common clinical
practice at institutions with long wait times. Aggressive
treatment of all residual and recurrent lesions using any
available LRT modalities prevents disease progression and
drop-out from the LT list.23 Patients with severely impaired
liver function represent a notable exception. When enhancement at or near the treatment site is considered equivocal for
HCC recurrence, close follow-up with repeat imaging in 2 to
3 months is needed to ensure stability and absence of
radiologic features to suggest HCC recurrence. If tumor
progression beyond LT criteria occurs but the active tumor
burden remains within downstaging entry criteria, LT should
be put on hold, and repeat LRT should be undertaken until
the end point of downstaging is achieved for the patients to
be eligible again for LT.8 Progression of tumors to beyond
entry criteria for downstaging constitutes an exclusion criterion for LT (►Table 1).

End Point of Downstaging
The vast majority of published studies use tumor stage
within Milan criteria on imaging as the end point of downstaging.8,9 Other studies have regarded downstaging as
response to LRT based on the World Health Organization
or mRECIST criteria.8 It seems logical to use the Milan criteria
as the end point of downstaging, as this is in line with the
liver allocation policy in the United States since 2002,
granting listing priority to patients with HCC meeting the
Milan criteria. Furthermore, the Milan criteria have been
widely considered the benchmark against which the outcome using other criteria for LT as well as tumor downstaging
should be measured.2–6 For further validation of the principles of downstaging, explant pathology should demonstrate
a very low prevalence of unfavorable tumor characteristics
including a poorly differentiated grade or microvascular
invasion. These observations have been repeatedly demonstrated in studies using the UCSF downstaging inclusion
criteria23,25 but not in the Bologna study24.
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Fig. 5 Multiphase CT obtained 3 months after Y-90 radioembolization showing extensive necrosis and an area of residual enhancement on the
arterial phase at the superior aspect of the lesion (A, arrows) without washout on delayed phase (B, arrows). Follow-up imaging showed stability
of this area of enhancement for 1 year, but a subsequent multiphase CT showed that the zone of arterial hyperenhancement had increased in size,
with associated subtle washout consistent in appearance with HCC recurrence (C, arrows). CT, computed tomography.

Despite advances in cross-sectional imaging over the last
few decades, radiographic understaging of HCC still occurs in
20 to 30% of patients with HCC classiﬁed as within Milan
criteria by pre-LT imaging.4,46,47 Successful radiographic
downstaging therefore does not necessarily assure actual
downstaging based on explant pathology. It is possible that
different imaging modalities may yield different rates of
tumor understaging, but data on this are lacking. In studies
on downstaging with well-deﬁned upper limits of tumor size
and number and a relatively long wait time from downstaging to LT, only 15% exceeded Milan criteria based on
explant pathology (tumor understaging)23,25. Despite these
encouraging results, tumor understaging remains a major
concern with broader application of downstaging, when
national data have continued to show sizable discrepancies
between radiologic and explant pathologic staging.28,46,47
An analysis of the UNOS database reported that one-third of
HCC patients initially meeting UCSF downstaging criteria
had tumor beyond Milan criteria on explant,28 reﬂecting
either pre-LT understaging or inadequate response to downstaging. Mahmud and colleagues recently reported the
results of a comprehensive analysis of the UNOS/OPTN
explant pathology form, in which tumor understaging in
the explant was associated with increased post-LT HCC
recurrence and death, and the risk of tumor-understaging
was higher among those requiring tumor downstaging before LT.47 Additionally, multiple explant-based prognostic
models for estimation of post-LT HCC recurrence and survival48,49 have found that explant tumor beyond Milan portends
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worse post-LT prognosis. Further complicating matters,
there have been concerns about inaccuracies and biases in
reporting tumor size by LT centers, especially in patients
outside of LT criteria who had their measurements recorded
at the margins of LT eligibility.50 It has been shown that in
patients who require tumor downstaging, the higher the
tumor burden on the last imaging study prior to LT, the
greater the risk of understaging on explant pathology.28
Speciﬁcally, the odds of tumor understaging on explant
increases by 10% for each 1-cm increase in total tumor
diameter on the last pre-LT imaging study.28
Taken together, these ﬁndings highlight a very slim margin of error, and underscore the importance of strict adherence to downstaging deﬁnitions. To go one step further, we
consider downstaging to within Milan criteria as the minimal
requirement for LT, but advocate continued LRT until complete tumor necrosis is achieved in patients with good liver
function to tolerate additional treatment. Although complete
response to LRT by radiologic assessment does not guarantee
the absence of viable tumor in the explant, there is strong
evidence that achieving complete response to LRT with no
viable tumor in the explant is associated with exceedingly
low rates of post-LT HCC recurrence.48,51

Incorporation of AFP and Other Factors in
Downstaging Assessments
With downstaging established as a standard pathway to LT,
there are ongoing efforts to investigate other factors beyond
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tumor size and number that help identify subgroups with a
greater likelihood of achieving successful downstaging and
favorable post-LT outcome. Among surrogate markers of
tumor biology, AFP is the most extensively studied and the
most relevant. Elevated AFP is associated with increased
probabilities of waitlist dropout and high-risk pathologic
features including microvascular invasion, as well as worse
post-LT outcome.52–54 Among patients who underwent tumor downstaging in the UNOS database,55 an initial
AFP > 100 or > 1,000 ng/mL was associated with a twoand ﬁvefold greater risk of dropout, respectively, compared
with those with an initial AFP  20 ng/mL. While a reduction
in the AFP following LRT predicts improved post-LT outcome
when compared with those with persistently high AFP,56
assessing AFP response to LRT is difﬁcult in patients with
decompensated cirrhosis. These patients often have fewer
LRT options or receive less aggressive treatments given the
concerns for further hepatic decompensation, and have a
higher risk of liver-related death irrespective of whether they
receive LRT. In a multicenter study by Mehta et al using the
UCSF downstaging protocol,25 treatment failure, deﬁned as
waitlist dropout, death without LT, or post-LT tumor recurrence, was observed in 100% of Child’s B or C patients with
initial AFP  1,000 ng/mL. The authors concluded that these
patients should be excluded from downstaging.
High AFP levels have also been consistently identiﬁed as a
negative predictor of post-LT outcome independent of tumor
burden.12,13,28,48,53,54 Both the French AFP model12 and the
Metroticket 2.013 have demonstrated that a composite of AFP
and tumor burden parameters discriminates post-LT prognosis
signiﬁcantly better than tumor burden alone. Additionally,
rising AFP despite LRT while awaiting LT appears to an indicator
of poor prognosis.57,58 In the downstaging population,
AFP > 100 ng/mL at the time of LT predicts higher risks of
HCC recurrence and death, with a 3-year post-LT survival of 60
versus 81% for those with an AFP < 20 ng/mL.28 Liver allocation
policy in the United States now mandates an AFP cutoff
of < 500 ng/mL after LRT in patients with AFP
ever > 1,000ng/mL to be eligible for LT.30,53 This has since
been validated using the UNOS database, in which the 5-year
post-LT survival for those with AFP > 1,000 at LT was 49 versus
67% for those with a decrease in AFP to 101 to 499 and 88% for
those with a further decrease in AFP to  100 before LT.56 For
patients undergoing downstaging, we propose that those with
initial AFP > 1,000 ng/mL should meet a stricter AFP cutoff goal
of  100 ng/mL after LRT to be eligible for LT.
Apart from AFP, several other serum biomarkers have been
studied in relation to HCC recurrence after LT. An elevated AFPL3 of > 35% and des-γ carboxy prothrombin (DCP)
of > 7.5ng/mL have been shown to correlate with worse
post-LT outcomes,59–61 but the signiﬁcance of these biomarkers in downstaging patients is largely unknown. 18F-FDG-PET
tumor positivity, especially if the tumor-to-nontumor ratio is
 2, has been associated with worse recurrence-free survival
after live-donor LT.62 PET-positive patients with elevated AFP
appear to have particularly poor post-LT outcome.63 While the
potential role for PET imaging in downstaging candidates is
unknown, PET can be considered on an individualized basis,

Yao et al.

particularly if the anticipated wait time to LT after downstaging is short, if living donor LT is an option, or in the
situation of persistently elevated or rising AFP.
Lastly, a short LT wait time of under 4 to 6 months has
been linked to worse post-LT survival.64,65 For patients
undergoing tumor downstaging, a minimal observation period of 3 months from successful downstaging by radiologic
criteria to LT without additional LRT has been proposed to
adequately assess disease stability and to avoid transplanting
aggressive tumors.8,16 In a recent analysis of national data on
tumor downstaging prior to LT by Mehta et al,28 patients
from regions with a relatively short wait time of < 6 months
had worse 3-year post-LT survival of < 80% compared
with > 90% for those in longer wait regions with a median
wait time of 13 months. These results suggest that in downstaging of HCC prior to LT, there is at least a theoretical
beneﬁt in allowing sufﬁcient time to select the more appropriate candidates for LT.

Conclusion
It was 10 years ago when the International Consensus
Conference on LT for HCC set the high expectation for tumor
downstaging to achieve comparable post-LT survival between patients who achieve successful tumor downstaging
before LT and those whose tumors meet LT criteria at the
outset without needing downstaging.66 Since that time,
efforts have been made to validate eligibility criteria based
on initial tumor burden and reﬁne LT candidate selection
using biomarkers such as AFP, and to produce outcome data
suggesting that this goal is indeed attainable. New challenges
emerge as we have entered the next phase of implementing
downstaging at a national level to allow priority listing for LT
for those meeting criteria for successful tumor downstaging.
Ironically, tumor “understaging” has surfaced as a major
problem to overcome with tumor downstaging. More
aggressive LRT until complete tumor necrosis in patients
with adequate hepatic reserve and using stringent AFP
thresholds may lower the rate of tumor understaging.
Most importantly, applying validated radiologic criteria in
HCC diagnosis and assessment of response to LRT and strict
adherence to staging deﬁnitions for inclusion and end points
of downstaging are essential in optimizing the results of
downstaging as well as post-LT outcomes.

Main Concepts and Learning Points
• Downstaging is deﬁned as a reduction in the size of viable
tumors using local-regional therapy to meet acceptable
criteria for liver transplant and serves as a selection tool
for a subgroup of HCC patients with favorable tumor
biology.
• The goal of downstaging is to achieve similar post-transplant survival between patients who achieve successful
tumor downstaging before transplant and patients initially within conventional transplant criteria without
needing downstaging.
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• Applying validated radiologic criteria in HCC diagnosis
and assessment of response to local-regional therapy with
strict adherence to staging deﬁnitions for inclusion and
end points of downstaging are essential in optimizing the
results of downstaging including post-transplant
outcomes.
• Tumor “understaging” has surfaced as a signiﬁcant problem with the recommendation for aggressive local-regional therapy until complete tumor necrosis in patients
with adequate hepatic reserve and using more stringent
AFP thresholds to lower the rate of tumor understaging.
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