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Milan-out Criteria and Worse Intention-to-Treat 
Outcome Postliver Transplantation
Julia Herreras, MD,1 Tommaso Di Maira, MD, PhD,1,2 Carmen Vinaixa,  MD,1,2  
Fernando San Juan, MD,3 Ángel Rubín, MD,1,2 and Marina Berenguer, MD, PhD1,2,4

Hepatocellular carcinoma (HCC) is the most common 
primary tumor of the liver with a worldwide growing 

incidence. Because it develops primarily on a cirrhotic liver, 
its impact does not only rely on the characteristics of the 
tumor but also on the severity of the underlying liver disease. 
Currently, it is estimated that the probability of survival with-
out treatment is <20% at 4 years of diagnosis.1,2 Tumors diag-
nosed in the initial stages will benefit from treatments with 
curative intent, including hepatic resection, liver transplanta-
tion (LT) and, in some cases, percutaneous ablation, which rep-
resent the only options for increased survival.3 LT is the most 
efficient therapeutic alternative both in terms of HCC recur-
rence— <20% at 5 years—and survival, which exceeds 70% 
at 5 years.4 Because of its association with excellent survival 

rates and low HCC recurrence, the Milan criteria described 
in 1996 by Mazzaferro et al5 (single lesion smaller than 5 cm 
in diameter, the presence of 3 or fewer nodules not exceeding 
3 cm each, and in which there is no macroscopic, nodal, or dis-
tant metastasis) have been used until recent years for patient 
selection. An increasing number of authors consider though 
that the Milan criteria are too restrictive and exclude a group 
of patients who could benefit from LT.6-8 Furthermore, down-
staging to Milan Criteria with locoregional therapies (LRTs) 
such as transarterial chemoembolization or radiofrequency 
ablation is a strategy that can be applied to patients initially 
exceeding Milan criteria.9 The results of downstaging regard-
ing LT outcome are still scarce and controversial; indeed, LRT 
can also be applied as bridging therapy in Milan-in patients 
expected to wait >6 months.10 Studies assessing the impact of 
LRT do not always differentiate between these 2 scenarios; in 
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addition, most studies refer to transplant outcome in Milan-
out patients from the time of LT and not from the time of 
HCC diagnosis.11-13

One of the very few studies confirming good results 
following downstaging with LRT comes from the United 
States. The authors analyzed the survival and failure of 
HCC therapy in Milan-in and Milan-out patients from 
time of HCC diagnosis.14 Waiting times in the United States 
are typically much longer than those reported in Spanish 
groups. We thus decided to conduct a similar study at a 
large Spanish reference center (Hospital La Fe in Valencia) 
aimed at confirming whether HCC downstaging outcomes 
by an intention-to-treat analysis from time of LT waiting list 
(WL) entry compare to standard of care(Milan-in criteria) 
HCC group.

MATERIAL AND METHODS

This is a retrospective cohort study, carried out at La Fe 
University Hospital (Valencia) including all consecutive 
patients with HCC admitted in the WL for LT between 
January 2012 and January 2015. This study was reviewed 
and approved by the local ethics committee. All patients 
were followed until January 2017 or death. Patients diag-
nosed with HCC but never included in the WL for LT were 
not analyzed in this series. The diagnosis of HCC for a 
lesion ≥1 cm was based on either quadruple-phase com-
puted tomography (CT) or MRI with gadolinium contrast 
showing arterial phase enhancement and washout dur-
ing the delayed images. Hepatic nodules <1 cm were not 
counted as HCC unless proven on a 3 months follow-up, 
according to the American Association for the Study of 
the Liver criteria.15 All HCC cases were evaluated for WL 
inclusion in a multidisciplinary committee according to the 
following protocol: patients fulfilling Milan Criteria and 
without other contraindication for LT were included and 
Model for End-stage Liver Disease (MELD) extra points 
assigned. The Milan criteria are defined as single HCC 
≤5 cm or up to 3 HCCs ≤3 cm, without vascular invasion. 
Patients beyond Milan Criteria, with no limit in terms of 
size or number were enrolled in a downstaging protocol 
and listed once Milan criteria was achieved with persis-
tent stability for at least 3 months. Downstaging was not 
performed in case of vascular invasion, extrahepatic dis-
ease, or alpha-fetoprotein (AFP) higher than 1000 g/dL at 
diagnosis.

The specific type of LRT was chosen based on the patient 
clinical status and HCC location. Treated patients underwent 
radiological evaluation (CT scan or MRI) 1 month after ther-
apy to assess response after each LRT. Treatment response 
was assessed by measuring the diameter of the lesion without 
considering the areas of necrosis, as mRECIST16 criteria were 
not universally applied. In case of tumor stability or progres-
sion, a new LRT was performed. Patients with AFP values 
>400 mg/dL after downstaging procedure were excluded 
for LT. In addition, Milan-outpatients without radiological 
response are not waitlisted.

Once waitlisted, patients undergo an imaging test (CT or 
MRI) and AFP every 3 months. Patients with initial radiologi-
cal response but evidence of tumoral progression (new tumors 
or growth of treated tumor) beyond Milan once waitlisted are 
dropped out from the WL; in case LRT cannot be applied, 

other therapies (Sorafenib) might be considered depending on 
the patient’s situation.

De novo development of one or more nodules after LT with 
typical features of HCC defined HCC recurrence. In case of 
doubts, histology was required.

Baseline characteristics namely age, gender, etiology of cir-
rhosis, date of HCC diagnosis, number of nodules, diameter 
of the major lesion, AFP levels, and MELD score at diagnosis 
were collected at time of WL inclusion. On-treatment vari-
ables including type and number of LRT, MELD, and Child-
Pugh scores before and after each LRT, time from diagnosis 
to LT, and pretransplant AFP were collected for descriptive 
analysis. Donor and explant related factors were also col-
lected including donor age, number of lesions, diameter of the 
largest lesion, tumor differentiation, necrosis, and presence of 
vascular and lymphatic dissemination.

The primary endpoint was the probability of treatment fail-
ure defined as any one of the following events: (1) liver-related 
death on the WL and after LT; (2) dropout from the WL due 
to tumor progression despite LRT; and (3) HCC recurrence 
post-LT. Patients who developed a nonliver disease contrain-
dicating LT or causing death and noncompliant patients were 
censored at the time of delisting or the development of the 
event. The principle of the present study was to demonstrate 
the intention-to-treat benefit of HCC downstaging in patients 
listed for LT.

Statistical Analysis
Data were expressed as median or mean according to their 

distribution, while and interquartile range (Q1-Q3) or range 
as measures of their dispersion, respectively. The categorical 
variables were presented by percentages. Distribution was 
assessed graphically and differences between categorical or 
continuous variables were analyzed by Chi-square, Student 
t, or Mann-Whitney U tests according to their distribution. 
The primary end-point was analyzed by an intention-to-treat 
analysis in a time-to-event fashion using a multivariable Cox 
regression adjusted for baseline characteristics. Independent 
variables associated with the outcome were selected by a 
forward stepwise model. A multivariable logistic regression 
analysis was applied to predict factors for treatment failure 
and HCC recurrence. Survival plots were obtained by Kaplan-
Meier curves and differences analyzed by log-rank test. The 
level of statistical significance has been considered P < 0.05. 
Statistical analysis was performed by PASW Statistic 18, 
release 18.0.0 (July 30, 2009).

RESULTS

Baseline Characteristics
A total of 177 patients diagnosed with HCC waitlisted for 

LT were included. Of these, 154 were men (87 %), 99.5% 
Caucasian, with a median age at HCC diagnosis of 58.5 years 
(range, 40-69 y). Most cases were related to chronic hepatitis 
C virus infection (45%) and/or excessive alcohol consump-
tion (27%). At the time of HCC diagnosis, most patients had 
a compensated cirrhosis (73% child A) with a median MELD 
score of 9 (range, 6-27). Most HCC cases (n = 148, 84%) 
were within Milan at diagnosis. There were 29 (16%) out-of-
Milan HCC cases waitlisted following successful downstaging 
therapy (Table 1). Although baseline characteristics of these 
2 groups were not significantly different, there was a trend 
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for Milan-out cases to have worse prognostic features (higher 
AFP levels at diagnosis, higher median diameter of the larg-
est lesion, higher number of lesions, and higher number of 
LRT) than the Milan-in cases (Table 2). Duration of follow-up 
did not differ between Milan-in and Milan-out patients (2.8 y 
[2-5 y] versus 2.6 y [2-4.6 y]) since HCC diagnosis.

Regarding LRT, most patients received 1 (n = 77) or 2 
(n = 58) treatments during their waiting time. A total of 153 
patients received LRT before being placed on the WL; addi-
tional LRT while on the WL were applied to 70 patients. 
Transarterial chemoembolization was the most commonly 
used procedure (57%) followed by radiofrequency ablation in 
35% of cases, and others (radioembolization) in 8%. In 127 
Milan-in patients (86%), LRT were performed as a bridge to 
transplantation. Milan-out patients, the duration for down-
staging therapy was 8 months (range, 6-31 mo). Biological 
response, measured as the difference between pre-LRT and 
postprocedure (before transplantation) was positive (with a 
reduction of diameter) in 41 of the patients (23%), stable in 
117 patients (66%) and negative (increased diameter) in 19 
cases (11%).

Explant findings in those undergoing LT did not differ sig-
nificantly between Milan-in and Milan-out cases (Table  3), 
but overall there was a trend for worse findings among the 
Milan-out patients, including the diameter of the largest lesion 
(22 mm IQ25-IQ75 15-30 mm) versus 32 mm (IQ25-IQ75 
15-40 mm), number of lesions (2 versus 3), degree of differen-
tiation (moderately and well differentiated in 52% and 42% 
of Milan-in cases versus moderately and poorly differentiated 

in 35% and 45% of Milan-out cases), degree of necrosis (total 
necrosis in 70% of Milan-in patients versus partial necrosis in 
55% of Milan-out patients), or vascular invasion (9% versus 
30%).

Outcome
Out of the 177 patients, 146 patients were transplanted, 

126 of which corresponding to the Milan-in group at diag-
nosis. Time on the WL did not differ significantly between the 
Milan-in and Milan-out cases (160 days [range, 3-528 days] 
versus 143 days [range, 60-364 days]). Out of the 146 LT 
cases, tumor recurrence occurred in 13 patients (8.9%) at a 
median of 570 days (60-970 days) post-LT. Overall, from the 
diagnosis of HCC until the last follow-up, 52 patients died. 
Survival rates at 1 and 5 years from diagnosis were 93% and 
75%, respectively among the Milan-in patients. Lower sur-
vival rates, particularly at 5 years were achieved by the Milan-
out patients (91% and 61%, respectively; P = 0.03). From 
waitlisting to last follow-up, 29% patients died. Survival at 1 
and 5 years since waitlisting was 88% and 77% in Milan-in 
patients and 86% and 61 % in Milan-out patients (P = 0.042) 
(Figure 1). Survival since LT was also lower in the Milan-out 
patients compared with the Milan-in (85% and 64% versus 
96% and 84%, respectively at 1 and 5 y; P = 0.041) (Figure 2).

In the univariate analysis, variables associated with survival 
since diagnosis included the Milan-out criteria at diagnosis, 
the number of LRT received before transplantation, and the 
Child-Pugh score and AFP levels at diagnosis. In the multi-
variate analysis, both Milan-out criteria at diagnosis and 
AFP levels at diagnosis were independently associated with 
worse survival (hazard ratio [HR] of 1.7 [IC 95%, 1.34-4.55; 
P = 0.01 and 1.53; 95% confidence interval [CI], 3.8-6.1; 
P = 0.02]).

Treatment Failure
Treatment failure occurred in 36 cases (20%), 16 (44%) 

due to tumor progression in the WL, 7 (20%) due to death 
on the WL secondary to decompensated liver disease, and 13 
cases due to HCC recurrence (9% of the 146 LT patients). 
Treatment failure according to Milan criteria occurred sig-
nificantly more in the group of Milan-out patients. Of those 
within Milan (n = 148), treatment failure occurred in 23 
(15%) cases, due to HCC recurrence (n = 9, 7% of 126 LT 
patients), death secondary to liver disease (n = 4, 17%), and 
dropout secondary to tumor progression (n = 10, 43%). In 
turn, among Milan-out patients (n = 29), treatment failure 
occurred in 13 (45%) (4 due to HCC recurrence [20% of 
20 LT cases], 3 deaths (10%) on the WL due to liver dis-
ease, and 6 [21%] dropout for tumor progression in the WL) 
(Figure 3).

Tumor Progression or Death in WL
Besides the Milan criteria, other factors significantly associ-

ated with treatment failure in the univariate analysis were the 
number of LRT received before WL and AFP levels at diag-
nosis. In the multivariate analysis, only the variable Milan-in/
Milan-out at time of HCC diagnosis remained in the model 
(HR, 1.7; 95% CI, 1.34-4.55; P = 0.010) (Table 4).

HCC Recurrence
Thirteen patients were diagnosed with HCC recurrence at a 

median of 18 months (range, 6-24 mo) since LT.

TABLE 1.

Characteristics of the study population at time of HCC 
diagnosis and LT

Diagnosis  
(n = 177)

LT  
(n = 146)

Gender (% men) 154 (87) 129 (88)
Race (% Caucasian) 176 (99.5) 145 (99.3)
Age, median (IQR), y 58 (40-69) 57.5 (40-68)
Etiology of liver disease (%)
  Alcohol 49 (27) 38 (26)
  NASH 6 (3) 5 (3)
  HBV 12 (7) 10 (6.8)
  HCV 81 (45) 59 (41.1)
  Alcohol + HCV 23 (15) 28 (19)
  Alcohol + HBV 6 (3) 6 (4.1)
Child score (%)
  A 128 (73) 92 (52)
  B 42 (23) 45 (30)
  C 7 (4) 9 (18)
Pugh, median (IQR) 6 (5-10) 7 (5-11)
MELD, median (IQR) 9 (6-27) 10 (6-27)
HCC criteria, n (%)
  Milan-in 148 (84) 146 (100)
  Milan-out 29 (16)  
AFP, median (IQR), mg/dL 6 (2-321) 33 (2-329)
Tumor features at diagnosis, median (IQR)
  Greater diameter, mm 24 (6-63) 31 (5-42)
  Number of lesions 2 (1-5) 2 (1-3)
Total number of LRT, median (IQR)  2 (0-4)

AFP, alpha-fetoprotein levels; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepa-
titis C virus; IQR, interquartile range; LRT, locoregional therapies; LT, liver transplantation; MELD, 
Model for End-stage Liver Disease; NASH, nonalcoholic steatohepatitis.
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In the univariate analysis, factors associated with recur-
rence were Milan-out criteria and AFP levels at diagnosis, 
female gender (P = 0.04), and high MELD score (P = 0.045) 
and AFP levels (P = 0.034) at time of LT. In the multivariate 

analysis, out-of-Milan criteria (HR, 1.43; 95% CI, 1.23-6.5; 
P = 0.048), MELD score at LT (HR, 1.23; 95% CI, 1.03-4.5; 
P = 0.046), and female gender (HR, 1.32; 95% CI, 1.4-3.7; 
P = 0.03) remained significant in the model (Table 5).

TABLE 2.

Baseline characteristics according to Milan criteria

Milan-in (n = 148) Milan-out (n = 29) P

Gender at diagnosis (% men) 129 (87) 25 (86) 0.541
Age at diagnosis, y, median (IQR) 58 (40-69) 56 (45-75) 0.125
Etiology of liver disease at diagnosis (%)
  Alcohol 43 (29) 6 (20) 0.235
  NASH 4 (3) 2 (7)  
  HBV 9 (6) 3 (10)  
  HCV 71 (47) 10 (36)  
  HCV + alcohol 17 (11) 6 (20)  
  HBV + alcohol 4 (3) 2 (7 )  
Child score at diagnosis (%)
  A 108 (72) 20 (68) 0.256
  B 35 (25) 7 (25)  
  C 5 (3.3) 2 (6.8)  
MELD at diagnosis, median (IQR) 9 (6-19) 9 (6-28) 0.145
AFP, median (IQR), mg/dL
  At diagnosis 8.5 (2-159) 12.5 (2-321) 0.098
  At LT 42 (1.1-247) 77 (1-329) 0.045
Tumor features at diagnosis, median (IQR)
  Greater diameter, mm 20 (15-35) 53 (35-60) 0.090
  Number of lesions, n (%)   0.046
    1 109 (73) 6 (20)  
    2 29 (20) 2 (6)  
    3 10 (7) 9 (31)  
    4 — 7 (26)  
    5 — 5 (17)  
Number of LRT before LT, n (%)
  0 12 (8) — 0.098
  1 69 (46) 8 (27)  
  2 43 (29) 14 (50)  
  3 22 (15) 4 (13)  
  >3 2 (2) 3 (10)  

AFP, alpha-fetoprotein levels; HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range; LRT, locoregional therapies; LT, liver transplantation; MELD, Model for End-stage Liver Disease; 
NASH, nonalcoholic steatohepatitis.

TABLE 3.

Explant characteristics

Milan-in (n = 126) Milan-out (n = 20) P

Diameter of the greatest lesion, mm, median (IQR) 22.19 (0-65) 30 (2-60) 0.125
Differentiation (%)
  Good 42 (33) 4 (20) 0.065
  Moderate 65 (52) 7 (35)  
  Poor 19 (15) 9 (45)  
Number of lesions, n (%)
  1 56 (44) 5 (25) 0.145
  2 38 (30) 5 (25)  
  3 28 (23) 4 (20)  
  4 4 (3) 1(5)  
  5 — 5 (25)  
Necrosis (%)
  Partial 56 (44) 11(55) 0.145
  Complete 70 (56) 9 (45)  
Vascular invasion (%) 12 (9) 6 (30) 0.147

IQR, interquartile range.
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DISCUSSION

Although Milan criteria have been used for years as the 
criteria to include patients in the WL for LT, many authors 
consider these criteria to be too restrictive. Indeed, patients 
with intermediate stages, after the application of LRT, can 
achieve substantial tumor volume reduction and be success-
fully transplanted.17,18 In fact, in recent years, several centers 
have endorsed these new expanded criteria and equate the 

survival of these patients with that of patients with tumors 
in the initial stages.19,20 Data on downstaging results though 
are controversial, due to a variety of reasons, particularly the 
differences in LRT, the wide variability in WL duration and 
particularly, the lack of intention-to-treat analyses since HCC 
diagnosis but rather survival analyses from transplantation.

We aimed to analyze our results in a large transplant center 
where WL times are typically shorter than those reported by 

FIGURE 1.  Survival from waiting list. Survival was significantly higher in the Milan-in (n = 148) vs Milan-out (n = 29) patients (P = 0.042).

FIGURE 2.  Survival since liver transplantation. Survival since liver transplantation was significantly higher in the Milan-in (n = 126) vs Milan-out 
(n = 20) patients (P = 0.041).
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other United States or European centers, a factor that could 
result in different outcomes, as well as focusing on an inten-
tion-to-treat analysis from time of HCC diagnosis. Major 
findings from this study can be summarized as follows: (1) 
treatment failure, including death in the WL from liver dis-
ease, dropout due to tumor progression or post-LT HCC 
recurrence in those transplanted, occurred at a significantly 
higher rate in those who exceeded Milan criteria and who 
underwent a downstaging protocol. In fact, the Milan in/out 
variable was the only variable that remained significant in the 
multivariate analysis and (2) despite lower rates of treatment 
efficacy on intention-to-treat analysis, survival in the short 
term was good and similar to that achieved by patients ful-
filling the Milan criteria. In the longer term, however, after a 
5 years follow-up, survival rates dropped to be significantly 

worse than those achieved by patients with HCC Milan-in 
criteria but can still be considered extremely favorable when 
compared with other local therapies.

Two studies published in the United States in the last 2 
years report treatment failure rates of about 30% assuming 
the same study design as ours that is, using the same defini-
tion of treatment failure and analyzing the data on an inten-
tion-to-treat basis. In these studies, the criteria used to select 
the Milan-out patients was the UCSF (California) criteria; in 
addition, and as mentioned previously, waiting times are sig-
nificantly longer, and as a result, patients undergo a signifi-
cantly higher number of LRT and have more advanced liver 
disease (higher MELD ad Child scores) at LT.14,21 These dif-
ferences might explain, in part, the higher rate of treatment 
failure reported in the US studies. As in our study, tumor pro-
gression and death on the WL were also greater in the Milan-
out patients.

More specifically, Yao et al14 analyzed survival since diag-
nosis in patients with beyond UCSF criteria, UCSF and Milan 
criteria obtaining good results in all groups. Patients exceeding 
UCSF criteria but successfully downstaged to Milan also man-
aged to obtain survival rates comparable to Milan-in patients, 
both from time of inclusion in the WL and from time of LT, 
supporting LT as a therapeutic option for these expanded cri-
teria tumors. In the downstaging group, variables related to 
the worst prognosis were advanced Child (as in our sample) 
and AFP levels higher than 1000 mg/dL. This last parameter 
is not comparable with our study since we did not include 
patients with AFP higher than 400 ng/dL on the WL. Reasons 
that may explain differences in results, particularly the worse 
long-term results (at 5 y) in the Milan-out versus Milan-in 
patients both on intention-to-treat but particularly after LT 

FIGURE 3.  Treatment failure: death on the waiting list due to 
liver failure and/or portal hypertension complications and/or tumor 
progression despite locoregional therapies; and hepatocellular 
carcinoma recurrence postliver transplantation.

TABLE 4.

Variables associated with treatment failurea

Univariate analysis (n = 177) Treatment failure (n = 23) No treatment failure (n = 154) P

Gender at diagnosis (% men) 18 (78) 130 (84.4) 0.313
Age at diagnosis, y, median (IQR) 57 (45-69) 59 (40-68) 0.316
Etiology of liver disease at diagnosis (%)
  Alcohol 7 (34.7) 40 (26) 0.149
  NASH 1 (4.3) 5 (3.2)  
  HCV 12 (52.1) 69 (44.8)  
  OH + HCV 1 (4.3) 26 (16.8)  
  OH + NASH 1(4.3) 4 (2.5)  
  Other 1 (4.3) 10 (6.4)  
Child score at diagnosis (%)
  A 15 (65.2) 120 (72.3) 0.910
  B 7 (30.43) 28 (2.4)  
  C 1 (4.3) 6 (4.3)  
MELD score at diagnosis, median (IQR) 6 (5-9) 6 (5-10) 0.123
MELD score at LT, median (IQR) 9 (6-18) 9 (6-20) 0.125
Milan-out criteria (%) 9 (40) 16 (11.3) 0.001
AFP levels, mg/dL, median (IQR)
  At diagnosis 11.50 (2-250) 5.5 (2-321) 0.003
  At LT 22.9 (1.5-250) 10.6 (1.3-329) 0.056
Total number of LRT, median (IQR) 1 (0-3) 2 (0-4) 0.109
LRT before waitlisting, median (IQR) 1 (0-3) 2 (0-4) 0.003
Multivariate analysis HR (95% CI) P
Milan-out criteria 1.7 (1.34-4.55) 0.010

aTreatment failure was defined as death on the WL due to liver failure and/or portal hypertension complications and/or tumor progression despite LRT.
AFP, alpha-fetoprotein levels; CI, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; IQR, interquartile range; LRT, locoregional therapies; LT, liver transplantation; MELD, Model for End-stage 
Liver Disease; NASH, nonalcoholic steatohepatitis; OH, alcohol; WL, waiting list.
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may relate to differences in patient population, donor rate, 
and time in the WL. Indeed, longer waiting times in the United 
States may result in better patient selection so that tumors 
with more biological stability eventually undergo LT while 
those with a more aggressive biology are typically excluded 
from the WL for tumor progression.22 Interestingly, the rate 
of dropout for tumor progression was higher in the study by 
Yao et al (32%) compared with ours (20%), indirectly sup-
porting this concept. In fact, several authors have proposed 
that at least 3 months of tumor stability should be required 
after downstaging before including a patient on the WL. This 
“ablate and wait” criterion is a tool to determine the biol-
ogy of the tumor trying to select the least aggressive ones. 
The “United Network for Organ Sharing” has more recently 
expanded this time to 6 months,23,24 and based on the results 
obtained in our and the study by Yao et al, we are considering 
to also apply the 6 months rule in our center.

AFP levels play an important role when selecting candi-
dates for downstaging and both static as well as dynamic 
levels are predictors of treatment response. Indeed, many 
studies have shown that patients with high AFP values have 
typically a lower treatment response in terms of reduction in 
tumor volume.25,26 In our case, although there were no statis-
tical differences, there was a trend for greater treatment fail-
ure among patients with high AFP levels at diagnosis once 
included in the WL. It is important to highlight that although 
eventually these patients achieved adequate downstaging and 
were thus allowed to be included in the WL, our sample is 
highly selected since patients with AFP higher than 400 ng/dL 
were excluded.

Our study has limitations. It is a retrospective study, car-
ried out in a single referral center for LT with few Milan-out 
patients recruited. We have few patients with downstaging 

protocol. Indeed, patients evaluated both in our center as well 
as elsewhere who were treated with LRT but never reached the 
Milan-in criteria were not referred and/or included in the WL 
for LT, and so the results apply to the subgroup of HCC cases 
with initial adequate response to LRT. In addition, the criteria 
for downstaging were not completely standardized in a proto-
col and this may have generated a selection bias. Despite these 
limitations, we included a relatively selected cohort of patients 
that adequately represents the Spanish transplant population.

In conclusion, downstaging is a valid and increasingly used 
tool for selecting tumors with a presumably favorable biol-
ogy and greater tumor stability. Although patients successfully 
downstaged have worse overall intention-to-treat outcomes 
compared with Milan-in patients, they achieve satisfactory 
post-LT survival rates, greater than the “minimum” of 50% at 
5 years, and thus should not be denied this therapeutic option. 
Whether the LT criteria following successful downstaging 
should be the Milan criteria as opposed to an expanded one27 
requires further investigation.
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