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SUMMARY

This study aimed to compare liver transplantation (LT) outcomes and
evaluate the potential rise in numbers of LT candidates with hepatocellular
carcinoma (HCC) of different allocation policies in a high waitlist mortal-
ity region. Three policies were applied in two Latin American cohorts
(1085 HCC transplanted patients and 917 listed patients for HCC): (i)
Milan criteria with expansion according to UCSF downstaging (UCSF-DS),
(ii) the AFP score, and (iii) restrictive policy or Double Eligibility Criteria
(DEC; within Milan + AFP score ≤2). Increase in HCC patient numbers
was evaluated in an Argentinian prospective validation set (INCUCAI;
NCT03775863). Expansion criteria in policy A showed that UCSF-DS
[28.4% (CI 12.8–56.2)] or “all-comers” [32.9% (CI 11.9–71.3)] had higher
5-year recurrence rates compared to Milan, with 10.9% increase in HCC
patients for LT. The policy B showed lower recurrence rates for AFP scores
≤2 points, even expanding beyond Milan criteria, with a 3.3% increase.
Patients within DEC had lower 5-year recurrence rates compared with
those beyond DEC [13.3% (CI 10.1–17.3) vs 24.2% (CI 17.4–33.1;
P = 0.0006], without significant HCC expansion. In conclusion, although
the application of a stricter policy may optimize the selection process, this
restrictive policy may lead to ethical concerns in organ allocation
(NCT03775863).
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Introduction

Liver transplantation (LT) is the treatment of choice for

early-stage hepatocellular carcinoma (HCC). Although

Milan criteria have been the standard selection model

used around the world [1], other authors have sug-

gested that these were too restrictive and have proposed

extended criteria [2]. However, expansion models could

increase the risk of HCC recurrence and decrease post-

transplant survival [3]. Consequently, international

guidelines [4,5] have underlined the need for composite

models, including tumor burden and biological markers,

to optimize transplant candidate selection [6–8]. Radio-
logical response after bridging therapies should also be

considered in this context [9].

Inaccurate HCC candidate selection for LT combined

with additional prioritization could cause uneven organ

distribution, lower transplant opportunities, and higher

waitlist mortality for non-HCC patients [10–12]. The

need to balance transplanting the sickest first, maximiz-

ing post-LT survival, and optimizing the use of a scarce

resource is true for all countries, but differences in

access to LT care vary significantly between them.

Expansion beyond Milan criteria could also increase the

number of HCC patients excessively, altering the bal-

ance in access to transplant against non-HCC patients

[10–13] and resulting in unfair clinical patient selection,

particularly in high waitlist mortality regions [12,13].

In Latin America, previous reports have shown lower

donation rates per million population (pmp) compared

with those reported in Europe and the United States of

America (8.3 pmp vs. 15 pmp and 26 pmp, respec-

tively) [13,14]. Moreover, within Milan criteria, HCC

patients are granted transplant benefit, showing signifi-

cantly lower waitlist mortality compared with non-HCC

patients [12,15]. Consequences of adopting expansion

criteria policies in regions with high waitlist mortality

have not been previously reported. This study aimed to

compare pre- and post-LT outcomes and evaluate the

effects of an increase in the number of HCC patients

listed for LT based on three different allocation policies

using a decision-tree analysis approach.

Materials and methods

Main policies and clinical decision-making analysis

Three LT candidate selection policies for HCC patients

based on the most relevant transplant criteria from

Eastern and Western regions around the world were

compared. These are the Milan criteria [1], the AFP

French model [8], and the University of California San

Francisco downstaging protocol (UCSF-DS) [16,17].

Policy A

Milan criteria and AFP values below 1000 ng/ml [18].

Within this policy, expansion criteria in patients initially

exceeding Milan included (i) within the UCSF-DS pro-

tocol (1 lesion >5 cm and ≤8 cm or 2–3 lesions at least

one >3 and ≤5 cm with a total tumor diameter ≤8 cm,

or 4–5 lesions each ≤3 cm with a total tumor diameter

≤8 cm) [16,17] and (ii) those patients beyond UCSF-DS

(“all-comers”; Fig. 1a) [17].

Policy B

The AFP score (0–9 points) [8]. This score is calculated

based on the largest tumor diameter, the number of

HCC nodules, and AFP levels ng/ml [8]. The AFP

model has been implemented in France since 2013

(Fig. 1b) [19]. It can expand eligibility beyond Milan

criteria in patients with an AFP score less than or equal

to two points.

Policy C

Double Eligibility Criteria approach (DEC): To explore

a combination of LT models, another policy was pro-

posed. It was not designed to be a new model, but
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evaluated a combination of previously published models

[8,20,21] and tumor changes following bridging thera-

pies to make it more applicable in real-world scenarios

[22,23]. For this study, we considered Milan criteria as

the standard for selection but optimized results based on

the AFP score and response to locoregional bridging

therapies. DEC policy included patients within Milan

and AFP scores ≤2 points at the last tumor reassessment

before LT. Ultimately, the purpose of DEC was to apply

a stricter longitudinal selection process avoiding exces-

sive increase in the number of HCC transplant candi-

dates, by taking into account tumor changes occurring

while on the waiting list (Fig. 1c).

At listing, four categories were defined and com-

pared. The first group of patients were those within the

DEC; the second group were those within Milan criteria

with AFP scores >2 points; the third group were

patients beyond Milan criteria with AFP scores ≤2; and
the fourth group were those beyond Milan criteria with

AFP scores >2. Final clinical selection or cutoff for DEC

corresponded to patients within Milan criteria with AFP

scores ≤2 at last pre-LT assessment. Thus, patients were

considered to be within final DEC if they were at time

of listing, remained stable while on the waitlist, or

downstaged within Milan criteria with AFP scores ≤2
points at final pre-LT assessment.

Potential expansion analysis

Based on population probabilities reported on previ-

ously published data [8,17], we analyzed application of

each policy conducting a decision-tree analysis using

TreeAge software (TreeAge Software, Inc, Wil-

liamstown, MA, USA). Population distribution proba-

bilities of within/beyond each model were applied

(Fig. 1a–c) [8,17,21]. We further evaluated the poten-

tial increase in the number of HCC patients who

would have been transplanted according to each of the

three Policies applying a decision-modeling approach

in a set of patients who underwent LT in Argentina

between January 1, 2009, and July 1, 2019. Data

prospectively collected from the Argentine National

Agency for Organ Sharing and Transplantation (INCU-

CAI) were analyzed (www.sintra.incucai.gov.ar). In this

Argentinian National Data, numbers of LT are

prospectively registered in an open and public registry.

Patients with HCC within Milan criteria are registered

and granted additional MELD points for LT. We

specifically focused on data regarding the number of

listed and transplanted patients per year, and the pro-

portion of HCC candidates awarded with

supplementary MELD points. From this National Data

(n = 7532 of total LT patients, n = 684 HCC patients

with extra MELD points), we estimated the potential

increase in the number of HCC patients from 2009 to

2019 for each policy.

Study cohorts

Probability of post-LT survival and HCC recurrence

based on the three policies was compared in a large

Latin American cohort. This retrospective cohort

included adult patients (over 18 years of age) with

HCC, from 22 different regional centers who underwent

LT between January 1, 2005, and January 1, 2018

(n = 1085). In order to evaluate pre-LT outcomes,

including waitlist mortality and HCC dropout rate

because of HCC progression, a second cohort including

all listed patients with HCC from 2011 to 2018 was

evaluated (n = 917).

Inclusion criteria required patients with HCC based

on imaging or histological diagnosis, be transplanted for

HCC (first cohort) or listed for LT with HCC (second

cohort). Patients were excluded if (i) tumors other than

HCC were confirmed at explant pathology analysis, (ii)

incidental HCC was diagnosed at explant analysis, but

not observed on pre-LT imaging, (iii) extrahepatic or

macrovascular tumor invasion was found during pre-

transplant evaluation, and (iv) they had received a prior

LT. Study data were registered on a Web-based elec-

tronic case report form (CRF), following STROBE

guidelines [24], Helsinki Declaration ethical standards

revised in 2008, and the study protocol registered as

part of an open public registry (NCT03775863; www.c

linicaltrials.gov), under confidentiality agreement with

each investigator.

Longitudinal tumor burden and AFP values were

evaluated at listing and last pre-LT reassessment in all

patients. Tumor burden was categorized according to

Milan [1] and UCSF criteria [2], and the AFP score [8].

Standard patient selection in all centers was limited to

Milan criteria. However, patients exceeding Milan crite-

ria were also included according to local allocation poli-

cies. All patients were classified applying the

aforementioned models based on radiological findings,

size and number of lesions detected on computerized

tomography (CT) or magnetic resonance images (MRI),

and serum AFP values. Lung CT and bone scintigraphy

were performed in all patients to rule out metastatic

disease.

Tumor treatment prior to transplantation was deter-

mined by each transplant center, including trans-arterial
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Milan criteria*

AFP > 1000 ng/ml

Inclusion Criteria
Granted for supplementary 

MELD points

Yes No

No Yes
Exclusion criteria

No MELD 
supplementary points

Locoregional
Treatment

Downstaging

UCSF-DS protocol

UCSF-DS:
1 lesion > 5 cm & ≤ 8 cm or

2-3 lesions ≤ 5 cm y TTD ≤ 8 cm or
4-5 lesions ≤ 3 cm y TTD ≤ 8 cm

0.86 0.14

0.45

0.030.97

*Total HCC population = Milan + (Milan x 114 /100)

(a)

French AFP score

≤ 2 points > 2 pointsLocoregional 
treatment

Inclusion Criteria
Granted for supplementary 

MELD points

Exclusion criteria
No MELD 

supplementary points

0.74 0.26(b)

Milan criteria

AFP score

Within Beyond

≤ 2 points

> 2 points

No

Radiological and
AFP values reassessment

DEC:
Within Milan + AFP ≤ 2 point*

Yes

Locoregional treatment
Downstaging

AFP score

≤ 2 points

> 2 points

Inclusion Criteria
Granted for supplementary 

MELD points

Exclusion criteria
No MELD 

supplementary points

*After bridging procedures achieved and maintained stable during a minimum observation period time of 3 months.

0.86 0.14

0.90

0.10

0.45 - 0.55 0.45 - 0.55

0.40

0.60

(c)

Figure 1 Decision-tree analysis for Milan–UCSF-DS protocol (a), AFP score (b), and the DEC (c). Note. Flowchart and corresponding population

probabilities for each decision-tree analysis. (a) Total HCC population (100%), 0.86 within Milan and 0.14 beyond Milan including those within

UCSF-DS (0.11) and “all-comers” (0.03). Exclusion of AFP values above 1000 ng/ml 0.03 and adding the efficacy of downstaging reported to

be 0.45–0.55) [17,21]. Policy B. AFP score, of which 74% and 24% presented with AFP score ≤2 or >2 points [8], and policy C (within Milan

0.86 of total HCC population; within Milan and AFP score ≤2 points 0.90 and within Milan and >2 points 0.10; beyond Milan 0.14 of total

HCC population, of which 40% had an AFP score ≤2 points and 60% >2 points, adding the efficacy of downstaging in patients beyond Milan

of 0.45–0.55) [8,21].

100 Transplant International 2021; 34: 97–109

ª 2020 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Pi~nero et al.



chemoembolization (TACE), radiofrequency ablation

(RFA), percutaneous ethanol injection (PEI), and liver

resection. In patients receiving bridging therapies while

on the waiting list, most recent radiologic tumor staging

and AFP values following procedures were registered. In

patients exceeding Milan criteria, downstaging protocols

were evaluated following the UCSF-DS proposal [17].

Tumor shrinkage was assessed by the Response Eval-

uation Criteria in Solid Tumors (RECIST 1.1) at each

center [4,5]. Imaging reassessment was performed in all

patients either with CT or MRI at least once every

3 months. In patients receiving locoregional treatment,

image re-evaluation was carried out 4–6 weeks after

each procedure [4,5]. The study protocol considered

RECIST 1.1 instead of modified RECIST criteria (mRE-

CIST) [25] to avoid misinterpretation of necrotic areas

or heterogeneous evaluation of hyper vascular enhance-

ment across centers.

Statistical analysis

The primary outcome chosen was post-LT HCC recur-

rence because it represents the most important event

specifically affecting post-LT survival. Secondary out-

comes were removal from the waitlist, because of HCC

progression (HCC dropout rate), and overall survival

after LT. For post-LT outcomes, all transplanted

patients from the two cohorts were analyzed, whereas

for pre-LT outcomes, only the second Latin American

cohort was evaluated.

Post-transplant HCC recurrence monitoring consisted

of CT or MRI and serum AFP assay (minimum interval

6 months). Recurrence was determined based on imag-

ing criteria plus serum AFP or by biopsy. Competing

risk regression models were performed for HCC recur-

rence (failure event), with sub-hazard ratios (SHR) and

95% confidence intervals (CI) calculated (Fine and Gray

method) [26]. For HCC recurrence outcome, any cause

of death preceding HCC recurrence was considered a

competing event. For the outcome of HCC dropout

during the waiting list, competing risk regression mod-

els were performed, considering non-HCC-related

deaths while on the waiting list, non-HCC dropout and

transplantation as competing events. All patients were

followed until death or most recent outpatient visit.

The Kaplan–Meier survival curves were compared using

the log-rank test (Mantel–Cox). For survival analysis,

multivariable Cox regression models with hazard ratios

(HR) and 95% confidence intervals (95% CI) were cal-

culated to evaluate size of effect of each LT criterion on

overall cohort survival. Proportional hazard assumption

was evaluated using graphics and Schoenfeld residual

test. Data collected were analyzed using STATA 13.0 (Sta-

taCorp, College Station, TX, USA).

Results

The first cohort included 1085 HCC patients who were

transplanted in 22 transplant centers from Brazil

(n = 377), Argentina (n = 324), Colombia (n = 157),

Chile (n = 90), Mexico (n = 63), Uruguay (n = 35),

Peru (n = 26), and Ecuador (n = 13; Table 1). The sec-

ond Latin American multicenter cohort included 917

patients with HCC listed for LT, in whom pre-LT out-

comes were evaluated.

Performance of each LT criterion on post-LT

outcomes

Baseline patient and HCC data at time of listing, as well

as LT outcomes stratified by country of transplanted

patients, are shown in Table S1. The median time on

the waiting list was 4.9 months (IQR 1.7–10.1 months),

with a median time from the last tumor reassessment to

LT of 2.3 months (IQR 1.0–4.6 months). Five-year

post-LT survival rate was 64.2% (CI 60.5–67.6), whereas
the corresponding HCC recurrence rate was 16.6% (CI

13.5–20.3).
At listing, 84.4% of the cohort was within Milan cri-

teria, with 5-year survival rate of 64.0% (CI 59.9–67.8),
and 52.5% (CI 41.3–62.7) for those beyond Milan crite-

ria. Corresponding 5-year recurrence rates for patients

within or exceeding Milan criteria were 13.7% (CI 10.5–
17.8) and 34.2% (CI 24.5–46.4) [SHR 0.35 (CI 0.23;

0.52; P < 0.0001], respectively. For patients exceeding

Milan but within UCSF (n = 72), 5-year recurrence and

survival rates were 23.1% (CI 12.3–40.8) and 59.2% (CI

43.2–72.1).

Policy A. Milan criteria with AFP <1000 ng/ml restriction and

expansion through UCSF-DS protocol (n = 1042)

Excluding patients with AFP serum values above

1000 ng/ml (n = 39) at listing, 87.5% were within

Milan criteria (n = 912), 8.0% within UCSF-DS

(n = 83), and 4.5% were “all-comers” (n = 47). At most

recent tumor reassessment, 79.4% were within Milan

criteria (n = 827), 96% of which remained within Milan

from listing through last evaluation (n = 794/827). The

rest were appropriately downstaged to Milan criteria

from UCSF-DS (n = 25/83) and “all-comers” (n = 8/

47). Consequently, effective downstaging to Milan
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criteria occurred in 30.1% (CI 20.5–41.7) of those

within the UCSF-DS protocol and 17.0% (CI 7.6–30.8)
of “all-comers.” Cumulative recurrence after LT was sig-

nificantly higher both in patients in the UCSF-DS group

[SHR 2.81 (CI 1.12–7.06)] and in “all-comers” [SHR

2.79 (CI 0.74–10.5)] compared to patients within and

remaining on Milan criteria throughout their time on

the waitlist (Table 2; Fig. 2a).

Policy B. Selection criteria according to the AFP score

At listing, 86.4% of the patients had an AFP score ≤2
points (n = 936; Table 1). Longitudinal changes during

the waitlist period in the AFP model showed 92.3% of

patients with AFP scores ≤2 at listing remained within 2

points at final evaluation before LT. On the other hand,

30.1% of patients with AFP scores >2 at time of listing

showed a fall in AFP scores to ≤2 points, at last tumor

reassessment.

Five-year recurrence rates were higher in patients

with AFP scores >2 compared to those with AFP scores

≤2 points [SHR 3.64 (CI 2.44–5.43); P < 0.0001]

(Table 2). Survival and recurrence rates were similar in

patients within or beyond Milan criteria if AFP scores

were ≤2, but different compared to patients within or

beyond Milan criteria when AFP scores were >2 points

(Fig. 2b).

Policy C

As proposed, DEC aimed to optimize selection toward

patients within Milan criteria with AFP scores ≤2, using
longitudinal tumor assessment including response to

locoregional therapies or tumor progression while on

the waitlist (Table 3).

Patients initially within Milan with AFP scores ≤2
(DEC) maintained this level of tumor burden in 84.9%

Table 1. Baseline patient characteristics at time of listing
and at last tumor reassessment.

Variable Values

Age, years (�SD) 58 � 8
Gender, male, n (%) 844 (77.8)
Median time on waiting list, (IQR), months 4.9 (1.7–10.1)
Cirrhosis, n (%)
Yes 1077 (99.3)
No 8 (0.7)

Child–Pugh A/B/C, n (%) 499 (46)/420
(39)/166 (15)

Etiology of liver disease, n (%)
Viral 610 (56.4)
Alcohol 183 (16.9)
Cholestasis (PBC, SSC, PSC) 27 (2.0)
NAFLD 108 (10.0)
Cryptogenic 98 (9.1)
Autoimmune 18 (1.7)
Iron metabolism 21 (1.9)
Other 19 (1.7)

HCV, n (%) 463 (42.7)
HBV, n (%) 151 (13.9)
Supplementary MELD points, n (%) 875 (80.6)
Tumor data at listing
Median AFP at listing, ng/ml (IQR) 11.0 (4.5–52.3)
≤100 ng/ml, n (%) 876 (81.0)
101–1000 ng/ml, n (%) 166 (15.4)
>1000 ng/ml, n (%) 39 (3.6)

Within Milan, n (%) 938 (86.4)
AFP score ≤2 points 867 (92.5)
AFP score >2 points 71 (7.5)

Beyond Milan, n (%) 147 (13.5)
AFP score ≤2 points 78 (52.7)
AFP score >2 points 69 (47.3)

Within UCSF, n (%) 1010 (93.1)
Beyond Milan, within UCSF 72 (6.6)
Beyond UCSF 75 (6.9)

Milan + AFP <1000 ng/ml, n (%) 912 (87.5)
UCSF-DS, n (%) 83 (8.0)
All-comers, n (%) 47 (4.5)
Locoregional treatment, n (%) 601 (55.4)

Tumor data at last reassessment
Median AFP at last reassessment, ng/ml
(IQR)

10.3 (4.4–44.2)

≤100 ng/ml, n (%) 892 (82.7)
101–1000 ng/ml, n (%) 148 (13.7)
>1000 ng/ml, n (%) 39 (3.6)

Within Milan, n (%) 859 (79.2)
AFP score ≤2 points 771 (89.8)
AFP score >2 points 88 (10.2)

Beyond Milan, n (%) 226 (20.8)
AFP score ≤2 points 166 (73.7)
AFP score >2 points 60 (26.3)

Milan + AFP <1000 ng/ml, n (%) 827 (79.4)
Remaining within
Milan + AFP <1000 ng/ml, n (%)

794 (96.0)

Table 1. Continued.

Variable Values

Downstaged from UCSF-DS to Milan, n
(%)

25 (3.0)

Downstaged from “all-comers” to
Milan, n (%)

8 (1.0)

AFP, alpha-fetoprotein; IQR, interquartile range; MELD,
Model for End-stage Liver Disease; NAFLD, nonalcoholic fatty
liver disease; PBC, primary biliary cholangitis; PSC, primary
sclerosing cholangitis; SSC, secondary sclerosing cholangitis.
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of cases (n = 736 out of 867). Patients within Milan

with AFP scores >2 remained within Milan and

dropped AFP score to less or equal to 2 in 32.9% of

cases (n = 23/70). Patients beyond Milan with AFP

scores ≤2 were appropriately downstaged to DEC in

24.6% of cases (n = 17/69). Finally, the group of

patients beyond Milan with AFP scores >2 were down-

staged to DEC in only 17.1% of cases (n = 13/77).

A proportion of patients in each group beyond DEC

at last pre-LT evaluation after this longitudinal assess-

ment for each group are shown in Table 4. Overall,

from policy A, the DEC resulted in an exclusion rate of

18.0% (CI 15.5–20.6), 73.5% (CI 62.7–82.7), and 83.3%

(CI 69.8–92.5) for patients with AFP values below

1000 ng/ml and within Milan, UCSF-DS, and “all-com-

ers”, respectively. For patients with AFP scores ≤2 and

>2 points, exclusion rates using DEC were 19.1% (CI

16.6–21.2) and 75.3% (CI 67.5–82.1), respectively.
Recurrence rates were lower in all groups within

DEC, except in patients downstaged from beyond Milan

with AFP scores >2 (Table 4). In summary, patients

within DEC at final pre-LT evaluation presented lower

recurrence rates compared with patients beyond DEC

[SHR 0.50 (CI 0.34; 0.74); P = 0.001] (Fig. 2c).

Performance of each LT criterion on pre-LT

outcomes: HCC dropout rate

In the second Latin American cohort (n = 917), includ-

ing all listed patients for HCC (Table S2), overall drop-

out rates due to HCC progression at 1 and 2 years of

listing were 7.1% (CI 5.3–9.2%) and 20.2% (CI 15.2–
25.9%). HCC dropout rates increased from within

Milan 8.1% (CI 6.2–10.3%) to within UCSF-DS 23.9%

(CI 15.8–33.7%) and AC 27.3% (CI 16.1–41.0%) in pol-

icy A (P < 0.0001). Patients with an AFP score >2,
either within [24.6% (CI 14.5–37.3)] or beyond Milan

criteria at listing [25.9% (CI 17.0–36.5)], had signifi-

cantly higher HCC dropout rates compared to patients

with AFP scores ≤2 either within [7.1% (CI 5.3–9.3)] or
beyond Milan criteria [23.7% (CI 15.0–33.9)]. Lower

HCC dropout rate was observed among patients within

DEC [7–1% (CI 5.3–9.3%)] compared to those exceed-

ing DEC at listing [24.8% (CI 19.2–31.0%); P <0.0001]
(Table S3).

Potential expansion in the number of HCC patients
for LT

We further explore expansion of absolute and relative

number of HCC patients who could have undergone LT

between 2009 and 2019 applying each policy (Milan/

UCSF-DS, AFP score, and DEC) based on a prospective

evaluation of the INCUCAI database (www.sintra.incuca

i.gov.ar). The Milan–UCSF-DS policy could have

resulted in a potential 10.9% expansion in number of

HCC patients and 2.1% increase in total LTs performed.

The AFP model expanded the number of HCC trans-

planted patients by 3.3% and 0.6% increase in total

LTs. DEC alone resulted in optimization of transplant

selection without increasing the number of HCC LT

patients (Fig. 3a–c).

Table 2. Performance of each LT policy applied in the multicenter Latin American cohort at last tumor reassessment
with 95% confidence intervals (CI).

% 5-year HCC recurrence rate (95% CI) % 5-year post-LT survival rate (95% CI)

Policy A*
Within Milan (n = 794) 13.1 (9.9–17.2) 66.0 (61.8–70.0)
UCSF-DS (n = 25) 28.4 (11.5–60.1) 51.0 (26.6–71.1)
“All-comers” (n = 8) 32.9 (11.9–71.3) 58.6 (26.7–80.5)

Policy B
AFP score ≤2 points (n = 908) 12.2 (CI 9.4–15.9) 67.4 (63.4–70.9)
AFP score >2 points (n = 175) 37.3 (CI 27.7–50.0) 49.4 (39.5–58.5)

Policy C
Within DEC (n = 789) 13.3 (10.1–17.3) 67.0 (63.0–70.7)
Beyond DEC (n = 294) 24.2 (17.4–33.1) 56.2 (48.0–65.9)

AFP, alpha-fetoprotein; DEC, Double Eligibility Criteria; UCSF-DS, University of California San Francisco downstaging protocol.

*All patients with AFP < 1000 ng/ml. Cumulative 5-year recurrence rates for patients within or beyond Milan (without AFP
restriction policy) were 13.7% (CI 10.5–17.8) and 34.2% (CI 24.5–46.4), respectively. For patients beyond Milan but meeting
UCSF, cumulative 5-year recurrence was 23.1% (CI 12.3–40.8).

Transplant International 2021; 34: 97–109 103

ª 2020 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Expansion criteria in high waitlist mortality regions

http://www.sintra.incucai.gov.ar
http://www.sintra.incucai.gov.ar


Discussion

Using real-world data from a large Latin American

cohort, a region with high waitlist mortality, we com-

pared potential expansion applying three different poli-

cies and observed that post-LT recurrence was higher in

patients who were downstaged applying either UCSF-DS

or in all-comers, compared with Milan criteria. As for

implementation of policy B, patients with AFP scores >2
also presented higher risk of HCC recurrence. Regarding

the call for composite models, we evaluated DEC policy

based on a decision-tree analysis including Milan crite-

ria and AFP scores, and compared this new approach to

policies adopted in France [8,19] and the United States

[17]. Potential expansion in the number of HCC

patients for LT may unbalance transplant opportunities

unless stricter selection of HCC candidates is imple-

mented using these policies. Conversely, no expansion

occurred with DEC, which optimized selection and gen-

erated comparable survival and recurrence rates.

(a) (b)

(c)

Figure 2 Cumulative recurrence rates according to decision-tree analysis for Milan–UCSF-DS protocol (a), the AFP model (b), and the DEC pol-

icy (within Milan + AFP score ≤2 points) (c). Note: a—Cumulative recurrence after LT was significantly higher in patients in the UCSF-DS group

SHR 2.81 (CI 1.12–7.06) or “all-comers” SHR 2.79 (CI 0.74–10.5) compared with those patients initially and subsequently remaining within

Milan criteria along the waiting list period. b—Corresponding recurrence rates for patients within or beyond Milan criteria with an AFP score

≤2 points and >2 points were 12.2% (CI 9.2–16.1), 12.6% (CI 5.7–26.4), 22.7% (CI 12.6–38.8), and 47.7% (CI 34.2–63.4; P < 0.0001),

respectively. Five-year survival rates for patients within [67.3% (CI 63.4–71.0)] or beyond Milan criteria [67.9% (CI 52.4–79.3)] with an AFP

score ≤2 points were higher than those patients within [52.3% (CI 37.3–65.4)] or beyond Milan criteria [47.8% (CI 34.7–59.7)] with an AFP

score >2 points. c—Corresponding 5-year recurrence rates were 13.3% (CI 10.1–17.3) and 24.2% (CI 17.4–33.1; P = 0.0006) for those

patients within and beyond the DEC at last tumor reassessment. Five-year survival rates were 67.0% (CI 63.0–70.7)] and 56.2% (CI 48.0–

63.6); P = 0.14], respectively.
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In most Latin American countries, Milan criteria are

applied to HCC patient selection and extra MELD

points granted as a result. According to the prospec-

tively registered Argentinian national data, the overall 1-

year waitlist mortality rate for 2019 was 17% (https://le.

incucai.gov.ar/public/Modulo2.do) [27]. Waitlist mor-

tality in non-HCC patients has been reported to be

higher than that of HCC patients granted with extra

MELD points (28% vs. 7%) [12]. Patients with HCC on

the other hand had lower dropout rates (3.8% vs. 6.7%)

and higher transplant access (83% vs. 57%) [12]. Simi-

lar results have been reported in Brazil [15,28]. We

evaluated potential effects of adopting any of the poli-

cies described above to organ allocation in the

Argentine National Registry and found that Milan–
UCSF-DS policy would have increased number of HCC

transplanted patients by 10.9% and the AFP score

would have increased the number by 3.3%. The increase

in total number of patients transplanted would have

been 2.1% and 0.6%, respectively. DEC would have

resulted in an optimization of selection but no further

expansion.

There is another group of patients who initially are

beyond Milan criteria, but may revert to lower disease

stages after locoregional therapies (downstaging), for

whom the UCSF-DS protocol has been adopted in the

United States [16,17,21,29]. However, national applica-

tion of the UCSF-DS protocol in the United States has

Table 3. Patient characteristics and longitudinal changes during the waiting list according to DEC at listing.

DEC at listing

DEC n = 867
(80.1%)

Within Milan + AFP
score >2 pts
n = 71 (6.5%)

Beyond Milan +
AFP score ≤2 pts
n = 69 (6.4%)

Beyond Milan +
AFP score >2 pts
n = 78 (7.1%) P

Data at last listing
Age, years (�SD) 58 � 8 55 � 11 58 � 7 57 � 11 0.02
Gender, male, n (%) 667 (76.9) 54 (77.1) 60 (87.0) 61 (79.2) 0.28
Supplementary MELD, n (%) 722 (83.3) 54 (77.1) 53 (76.8) 44 (57.1) <0.0001
Median AFP, ng/ml (IQR)* 9 (4–29) 668 (221–1254) 11 (4–38.9) 102 (7–631) <0.0001
≤100 ng/ml, n (%) 770 (88.8) – 68 (98.5) 7 (49.3) <0.0001
101–1000 ng/ml, n (%) 97 (11.2) 45 (64.3) 1 (1.4) 24 (32.0)
>1000 ng/ml, n (%) – 25 (35.7) – 14 (18.7)

Within Milan criteria, n (%)* 867 (100) 70 (100) 0 0 <0.0001
AFP model, n (%)*
≤2 points 867 (100) – 69 (100) 77 (100)
>2 points – 70 (100) – –

WL time, median (IQR) 5.0 (2.0–10.1) 4.0 (1.7–8.4) 3.8 (1.1–8.5) 3.9 (1.0–11.2) 0.12
Locoregional treatment, n (%) 445 (51.3) 44 (62.9) 51 (73.9) 60 (77.9) <0.0001

Data at last reassessment
Median AFP, ng/ml (IQR)* 8 (4–23) 342 (124–1000) 13 (4–40) 47 (7–800) <0.0001
≤100 ng/ml, n (%) 773 (89.3) 14 (20.3) 64 (92.7) 41 (54.7) <0.0001
101–1000 ng/ml, n (%) 87 (10.0) 38 (55.1) 4 (5.8) 19 (25.3)
>1000 ng/ml, n (%) 6 (0.7) 17 (24.6) 1 (1.4) 15 (20.0)

Milan criteria, n (%)*
Within 753 (86.8) 65 (92.9) 18 (26.1) 23 (29.9) <0.0001
Beyond 114 (13.1) 5 (7.1) 51 (73.9) 54 (70.1)

AFP model, n (%)*
≤2 points 801 (92.4) 23 (32.9) 63 (91.3) 21 (27.3) <0.0001
>2 points 66 (7.6) 47 (67.1) 6 (8.7) 55 (72.4)

Milan + AFP model, n (%)*
Within Milan/≤2 pts 736 (84.9) 23 (32.9) 17 (24.6) 13 (17.1) <0.0001
Within Milan/>2 pts 17 (2.0) 42 (60.0) 1 (1.4) 9 (11.8)
Beyond Milan/≤2 pts 65 (7.5) 0 46 (66.7) 8 (10.5)
Beyond Milan/>2 pts 49 (5.6) 5 (7.1) 5 (7.3) 46 (60.5)

DEC, Double Eligibility Criteria; Pts, points.

*At last tumor reassessment or evaluation during the waitlist period.
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shown lower than expected results [17], with lower post-

transplant survival and higher recurrence rates. The

authors suggested including AFP values for better candi-

date selection for downstaging [17]. Our results were sim-

ilar to those from the US national policy. Recently, Lai

et al developed the WE-DS model aimed to select the

best candidates for downstaging based on the tumor bur-

den and AFP level at referral time [30]. The authors

identified three risk categories including AFP below

200 ng/ml and up to ten, AFP between 200 and 500 ng/

ml and up to seven, and AFP between 501 and 1000 ng/

ml and up to five to identify an upper limit of tumor

burden for downstaging. The Metroticket 2.0 [7], the

AFP French model [8], and the HALTHCC [31] also had

an excellent diagnostic performance, mainly revealed in

the validation set of this study. Conversely, the UNOS-

DS model performed worse. It is clear that in order to

obtain the best outcomes after LT in downstaged HCC

we should take into account both the tumor load and

AFP levels on referral. In DEC, we suggested taking into

account the relationship between tumor burden, the AFP

level, and the treatment response.

Certain ethical dilemmas are worthy of mention. Is

DEC too restrictive? Is it unethical to exclude patients

with good expected outcomes from prioritization? On the

one hand, we must first identify the most accurate model

ensuring the best survival with the lowest recurrence rate

following LT. On the other hand, we need to define the

degree of prioritization to be implemented on the waiting

list. Both issues are independent. However, whether HCC

expansion and prioritization run parallel course remains a

matter of debate [10,11]. It may be unethical to exclude

HCC patients with very good outcomes, but it may be

equally unfair to non-HCC patients, particularly in high

waitlist mortality regions [13].

This study has limitations common to other observa-

tional studies. This extended duration of the study per-

iod may have included different imaging modalities (CT

or MRI scans) across centers, and there was no central-

ized imaging review. This would have been unfeasible.

Anticipating this potential bias, RECIST 1.1 rather than

mRECIST was required in the study protocol to report

tumor assessment after bridging therapies, to decrease

heterogeneity. Additionally, “ablate and wait” policies

were not unified across centers. It could be argued that

patients with single HCC lesions with a diameter <3 cm

and complete response following locoregional therapies

should not be prioritized. We believe that the question

of whether or not prioritize this group of patients

depends not only on tumor burden, but also on liver

function, treatment feasibility, and expected time on the

waiting list.

In conclusion, we believe our findings are relevant

from a public health perspective as optimization of

organ allocation in patients with HCC, which is para-

mount in countries with organ shortage. These mea-

sures should be accompanied by others, to help

improve access to liver transplantation for non-HCC

patients whose MELD score does not reflect the severity

of their liver disease. We propose using DEC for clinical

decision in HCC patient selection for LT which ulti-

mately will not increase HCC candidate numbers in

Table 4. Exclusion, post-LT survival, and HCC recurrence rates according to the DEC at last tumor reassessment.*

Observed results, %
(95% CI)

DEC at listing

DEC n = 867
Within Milan + AFP
score >2 pts n = 71

Beyond Milan + AFP
score ≤2 pts n = 69

Beyond Milan + AFP
score >2 pts n = 78 P

Exclusion rate
†

15.1 (12.8–17.7) 67.1 (54.9–77.9) 75.4 (63.5–84.9) 82.9 (72.9–90.7) <0.0001
Downstaged to DEC – 32.9 (21.7–44.5) 24.6 (15.0–36.5) 17.1 (9.2–26.8) <0.0001
5-year HCC recurrence
Within final DEC 7.7 (3.7–15.7) 8.1 (2.7–23.9) 4.5 (0.6–28.1) 44.2 (18.8–80.6) 0.0006
Beyond final DEC 12.6 (9.4–16.9) 23.4 (8.1–56.7) 30.9 (17.1–52.0) 47.4 (32.4–65.5)

5-year post-LT survival
Within final DEC 67.2 (63.0–71.1) 69.7 (41.7–86.1) 72.2 (47.8–86.6) 45.1 (15.5–71.2) 0.14
Beyond final DEC 67.9 (57.0–77.0) 66.6 (42.3–80.3) 44.3 (26.9–60.5) 49.4 (34.8–62.3)

DEC, Double Eligibility Criteria; Pts, points.

*Longitudinal tumor changes during the waiting list from listing to last tumor reassessment in each group of patients, as pro-
posed for the DEC. All the patients should have met the DEC at two time points, without tumor progression or have been
downstaged to the DEC (final tumor burden before LT). At last tumor reassessment or evaluation during the waitlist period.
†Not granted for supplementary MELD or MELD-sodium points.
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Applicability of Policy A: Milan criteria and expansion with UCSF-DS

Applicability of Policy B: AFP model

Applicability of Policy C: Double Eligibility Criteria (DEC)

(a)

(b)

(c)

Figure 3 Potential expansion of the number of HCC patients which might have been transplanted in Argentina if each policy had been applied

between 2009 and 2019.
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high waitlist mortality regions. However, ethical con-

cerns suggesting DEC may be too restrictive still need

to be addressed.
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