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Aim To compare the long-term outcomes between liver 
transplant (LT) recipients with hepatocellular carcinoma 
(HCC) who were downstaged with transarterial-chemoem-
bolization (TACE) to the Milan criteria (MC) and those ini-
tially meeting the MC.

Methods This retrospective study enrolled 198 patients 
with HCC: 38 were downstaged and 160 patients initially 
met the MC. Post-LT survival and HCC recurrence-free sur-
vival were evaluated. We assessed the association of death 
and HCC recurrence with TACE, baseline (age, sex, disease 
etiology, Model of End-stage Liver Disease, tumor number 
and the sum of maximum tumor diameters, waiting time, 
alpha-fetoprotein level) and explant characteristics (tumor 
number and the sum of maximum tumor diameters, mi-
cro- and macrovascular invasion).

Results The recipient survival rates one, three, and five 
years after LT were 88.2%, 80.1%, and 75.9%, respectively. 
HCC recurrence-free probabilities were 92.3%, 87.9%, and 
85%, respectively. The outcomes were comparable be-
tween the groups. In multivariate analysis, the number of 
tumors on the explant, age, and tumor recurrence were 
independent risk factors for death. Only the sum of max-
imum tumor diameters on the explant was an indepen-
dent risk factor for HCC recurrence.

Conclusions Patients successfully downstaged with TACE 
to the MC can achieve post-LT recipient and HCC recur-
rence-free survival comparable with patients initially with-
in the MC. Good response to TACE as a criterion for LT may 
be a method of selecting patients with favorable biological 
characteristics. Received: April 8, 2020
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Patients with hepatocellular carcinoma (HCC) and liver cir-
rhosis constitute 30%-44% of all liver-transplant (LT) can-
didates in European countries (1). In most western LT pro-
grams, high cure rates of HCC are a direct consequence of 
strict pretransplant selection criteria, combination of known 
tumor size and number, as well as the application of the vali-
dated Milan criteria (MC) (2). Still, around 70% of HCC pa-
tients are diagnosed with extensive disease, which makes 
them unsuitable for this curative intervention (3). In order to 
increase the pool of recipients with an acceptable post-LT 
outcome, some centers use more advanced selection crite-
ria, while others perform tumor downstaging with loco-re-
gional therapies (LRT) (1,4-6). In most studies, tumor reduc-
tion to the fulfillment of the MC based radiographic findings 
is considered as successul downstaging. Data about the ef-
fects of downstaging on the outcome of LT are discrepant 
and mostly provided by uncontrolled studies (7). There is no 
common or even majority agreement regarding the optimal 
LRT method, patient selection criteria, treatment end-points, 
response assessment protocols, or a minimum observation 
period from downstaging to LT (1,4,8). The aim of this study 
was to compare the long-term survival and risk of tumor re-
currence between transplanted HCC patients initially meet-
ing the MC and those transplanted after downstaging with 
transarterial-chemoembolization (TACE).

PATIEnTS AnD METHODS

This retrospective, single-center cohort study enrolled 198 
adults with HCC and cirrhosis who underwent LT in Merkur 
University Hospital (MUH), Zagreb, between January 2006 
and September 2018. Patients’ data were extracted from 
a prospectively collected database comprising informa-
tion about all 1152 patients transplanted in MUH during 
the research period. The inclusion criterion was HCC as an 
indication for LT in the observed period. Overall, 198/1152 
(17.2%) LT recipients met this criterion. Most of them 
(160/198, 80.8%) initially fulfilled the MC (MC group), while 
others (38/198, 19.2%) were downstaged to MC before eli-
gibility assessment for LT (downstaging group). The post-
LT outcome of the downstaging group was compared 
with that of patients initially meeting the MC.

The research was approved by the Ethics Committee of 
MUH and it conformed to the International Conference on 
Harmonization guidelines on Good Clinical Practice and to 
the Declaration of Helsinki.

HCC was diagnosed according to the European Asso-
ciation for the Study of the Liver (EASL) guidelines 

(1). LT exclusion criteria were evidence of extrahepatic 
malignant disease, macrovascular invasion, or any other 
standard contraindications against LT (9). Tumor burden 
was estimated with multiphasic double-contrast spiral 
computed tomography (CT) and/or magnetic resonance 
(MR) scans according to standard protocols (Primovist and 
Xenetix contrast media). Viable tumor number and maxi-
mum tumor diameters (MTD) before LT were summarized 
as the total number of tumors (NT) and the sum of MTD. 
When the results of two imaging methods were available, 
the higher number of tumors and the higher sum of MTD 
was included in the analysis. Downstaging was performed 
according to the standard TACE protocol. In >90% of pa-
tients, drug-eluting beads (DEB) TACE was the procedure 
of choice (10,11). The eligibility criterion for downstaging 
was a tumor extending the MC at diagnosis. We defined 
no upper limits of tumor dimensions or number, time be-
tween or the number of iterations of TACE sessions, and 
the minimum observation period between successful 
downstaging and listing. Response to LRT was evaluated 
according to the modified Response Evaluation Criteria in 
Solid Tumors 1 month after TACE and at a minimum of ev-
ery 3 months (12).

Pre-transplant data included age, sex, waiting time for LT, 
Model of End-Stage Liver Disease (MELD) laboratory find-
ing, baseline etiology of cirrhosis, and last recorded alpha-
fetoprotein (AFP) level. According to the pretransplant 
AFP level, patients were divided to six groups (<7, 7-50, 
51-100, 101-400, 401-1000, >1000 μg/L) and according to 
the etiology of cirrhosis to five groups (cryptogenic and 
non-alcoholic steatohepatitis [NASH], hepatitis B, hepati-
tis C [HCV], alcoholic, other). The following explant histo-
pathologic characteristics of HCC were recorded: the sum 
of maximum viable tumor diameters (MTD-3), number of 
viable tumor nodules (NT-3), MC fulfillment on the explant 
(Milan-3), and macrovascular (MaVI) and microvascular 
(MiVI) invasion.

Statistical analysis

Baseline characteristics are presented as median and inter-
quartile range (IQR). Quantitative variables were compared 
with the t test or Mann-Whitney test, whereas qualitative 
variables were compared with the χ2 or exact tests (Fisher 
exact test or likelihood ratio test). The associations of the 
tested variables with survival and tumor recurrence risk 
were evaluated with multivariate Cox regression analysis 
(backward stepwise method). The receiver operating curve 
(ROC) curve analysis was used to establish the optimal cut-
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off values of different tumor-related variables for the pre-
diction of tumor recurrence. The influence of various vari-
ables on overall survival and recurrence-free survival was 
evaluated by the Kaplan-Meier method combined with 
the log-rank test. For survival calculations, LT time was the 
starting point. P < 0.05 was considered significant. Statis-
tical analysis was performed with the Medcalc program 
(MedCalc Software Ltd, Ostend, Belgium).

RESulTS

Baseline characteristics

The study enrolled 198 patients. The median age was 61 
years (IQR 57-65); 80.3% patients were men. The most com-
mon etiology of liver cirrhosis was alcoholic liver disease 
(45.5%), followed by HCV (27.8%) and cryptogenic/NASH 
disease (10.1%). The median value of laboratory MELD at 
LT was 12 (IQR 9-16). The waiting time to LT was short (me-
dian 22.5 days, IQR 7-42).

Downstaging was performed in 38 (19.2%) of patients. 
Eleven of them were transplanted in <3 months after 
downstaging. Most (21 patients) underwent only one pro-
cedure, 8 underwent three, 7 two, 1 four, and 1 underwent 
five procedures. Based on the finding of the last pretrans-
plant imaging methods, all patients were within the MC at 
registration to LT list.

The overall median post-LT follow-up was 1115 days (IQR 
506-1904), during which 11.1% patients developed tumor 
recurrence and 18.6% died. According to the explants find-
ing, 36.9% patients had MiVI, 8.6% MaVI, while 36.9% were 

outside the MC. The downstaging group had more tumors 
and a greater sum of MTD at the beginning of downstag-
ing treatment (Table 1).

Post-transplant survival and HCC recurrence

One, three, and five years after LT, the recipient survival 
rates were 88.2%, 80.1%, and 75.9%, respectively (Figure 
1), and HCC recurrence-free rates were 92.3%, 87.9%, and 
85%, respectively (Figure 2).

Overall, 38% of deaths occurred in the first 6 months, 
and 60% in the first year after LT. Only 32.4% of all deaths 

FIguRE 1. Kaplan-Meier analysis of recipient survival.

FIguRE 2. Kaplan-Meier analysis of hepatocellular carcinoma 
recurrence-free survival.

FIguRE 3. Trend toward lower survival rates of patients with 
hepatitis C virus and cryptogenic/non-alcoholic steatohepati-
tis (nASH) cirrhosis, P = 0.5576.
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were related to HCC recurrence; 27% of deaths in the first 
year and 40% later on (P = 0.4232). Downstaging did not 
affect the time and cause of death. Laboratory MELD did 
not differ between survivors and non-survivors (median 
[IQR], 12 [9-16] vs 12 [8-16], P = 0.8646). Although the dif-
ference was not significant, HCV infection and crypto-
genic/NASH patients experienced death outcome more 

frequently than patients with other etiologies (P = 0.5576) 
(Figure 3).

The median post-LT follow-up in the downstaging group 
was 997 days (IQR 305-1681), during which 18.4% patients 
developed tumor recurrence and 18.4% died. In the MC 
group, the median post-LT follow-up was 1115 days (IQR 

TABlE 1. Baseline characteristics of the downstaging and Milan criteria groups

Downstaging (n = 38) Milan criteria (n = 160) P

Age (years), median (IQR) 62 (58-65)  61 (56-65) 0.2908
Sex, n (%)
male 31 (81.6) 128 (80) 0.8263
female  7 (18.4)  32 (20)
Etiology of cirrhosis, n (%)
cryptogenic and non-alcoholic steatohepatitis  6 (15.8)  14 (8.7) 0.2960
hepatitis B virus  2 (5.3)  17 (10.6)
hepatitis C virus  7 (18.4)  48 (30)
alcohol 19 (50)  71 (44.4)
other  4 (10.5)  10 (6.3)
laboratory MElD, median (IQR)  9.5 (8-15)  12 (9-16) 0.3324
AFP (μg/l), n (%)
<7 11 (28.9)  69 (43.1) 0.0861
7-50 15 (39.5)  38 (23.8)
51-100  2 (5.3)  12 (7.5)
101-400  2 (5.3)  14 (8.8)
401-1000  2 (5.3)   6 (3.8)
>1000  6 (15.7)   9 (5.6)
no data  0  12 (7.5)
nT, n (%)
1 19 (50) 104 (65) 0.0054
2  9 (23.7)  26 (16.3)
3  7 (18.4)  30 (18.7)
4  0   0
5  1 (2.6)   0
6  2 (5.3)   0
MTD (mm), median (IQR) 64 (46.5-80)  35 (21-48) <0.0001
Time on waiting list (days), median, (IQR) 19 (9-33)  24 (7-44) 0.4082
nT-3, n (%)
1 10 (26.4)  78 (48.8) 0.0122
2  7 (18.4)  33 (20.6)
3  9 (23.7)  19 (11.9)
>3 12 (31.5)  30 (18.7)
MTD-3 (mm), median (IQR) 54 (24.5-85)  40 (25-65) 0.1895
Milan-3 no, n (%) 20 (52.6)  53 (33.1) 0.0254
MiVI yes, n (%) 15 (39.5)  58 (36.2) 0.7119
MaVI yes, n (%)  2 (5.3)  15 (9.4) 0.4172
*Abbreviations: IQR – interquartile range, MElD – Model of End-stage liver Disease; nT – number of tumors; MTD – sum of maximum tumor 
diameters; MiVI – microvascular invasion; MaVI – macrovascular invasion; nT-3 – number of tumors according to explant histopathological finding; 
MTD-3 – sum of maximum viable tumor diameters according to explant histopathological finding; Milan-3 – patients not fulfilling the Milan criteria 
according to explant histopathological finding.
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523-2012), during which 9.4% patients developed tumor 
recurrence and 18.8% died. Recipient one-year, three-year, 
and five-year post-LT survival rates did not significantly dif-
fer between the groups (downstaging: 88.6%, 81.1%, 76.3% 
vs MC: 86.2% 81.3%, 75.9%; P = 0.8312, Figure 4).

Even though the difference was not significant, one-year, 
three-year, and five-year tumor recurrence-free survival 
probabilities were more unfavorable in the downstaging 
group (90%, 81.6%, 76.5% vs 94%, 91.6%, 89.3%, P = 0.0677, 
Figure 5). The MC group had a longer time to HCC recur-
rence (median 1099.5 days, IQR 494-1962) compared with 
the downstaging group (median 807.5 days, IQR 262-1419, 
P = 0.0627), although the result was not significant.

Factors associated with HCC-recurrence and recipient 
survival

The multivariate Cox regression analysis (backward step-
wise method) included age (years), sex, TACE procedure, 
time from downstaging to MC and LT>3 months, number 
of TACE procedures, NT on imaging method before LT and 
on the explant (NT-3), MTD on imaging method before LT 
and on the explant (MTD-3), MC fulfillment on the explant 
(Milan–3), AFP level before LT, LT waiting time, MiVI, MaVI, 
and HCC recurrence (for survivors only).

Only MTD-3 was a significant independent risk factor for 
tumor recurrence (HR 1.02; 95% CI 1.004-1.04; P = 0.01). 
ROC curve analysis indicated the optimal cut-off level for 
the sum of MTD-3 on the explant in the prediction of tu-

FIguRE 4. Kaplan-Meier analysis of recipient survival according 
to downstaging (transarterial chemoembolization) procedure 
(0 – no, 1 – yes), P = 0.8312.

FIguRE 5. Kaplan-Meier analysis of hepatocellular carcinoma 
recurrence-free survival according to downstaging (transarte-
rial-chemoembolization) procedure (0 – no, 1 – yes), P = 0.0677.

FIguRE 6. Receiver operating characteristic curve analysis in-
dicating the optimal cut-off level of the sum of maximal viable 
tumor diameters on the explant (MTD-3) in the prediction of 
tumor recurrence to be >69 mm (sensitivity 50% and specific-
ity 76.7%, P < 0.015, area under the curve [AuC] 0.657).
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mor recurrence to be >69 mm (sensitivity 50% and spec-
ificity 76.7%, area under the curve [AUC] 0.657, P < 0.015, 
Figure 6). The predictors of death were age, NT-3, and tu-
mor recurrence (Table 2). The strongest predictor was HCC 
recurrence (HR 3.62; 95% CI 1.67-7.88; P = 0.001).

Comparison of the findings of pre-transplant HCC 
imaging and explant finding results

Overall, 36.9% of patients with HCCs did not fulfill the MC 
on explant findings. In 72.6% of patients both the tumor 
number and the sum of MTD were significantly higher, in 
19.2% only the sum of MTD was significantly higher, and in 
8.2% only the tumor number was significantly higher than 
on the imaging findings. The difference was considered sig-
nificant if there was any new tumor nodule and/or a sum 
of MTD difference >10 mm. More patients in the down-
staging group had discrepancies (52.6%) compared with 
those in the MC group (33.1%, P = 0.0254). In the 67.9% of 
MC patients, both the tumor number and the sum of MTD 
were significantly higher, in 20.8% only the sum of MTD 
was higher, while in 11.3% only tumor number was higher. 
In the downstaging group, the respective numbers were 
85%, 15%, and 0%. Differences between groups in the type 
of discrepancies were not significant (P = 0.0665).

DISCuSSIOn

In this study, recipient survival and HCC recurrence-free 
survival did not differ between the groups, even though 
the downstaging group showed a trend toward more HCC 
recurrences and shorter time to HCC recurrence. The most 
important finding was that long-term recipient and HCC 
recurrence-free survival rate in the downstaging group 
were satisfactory, comparable with those in the MC group 
and previously published data on LT recipients fulfilling the 
MC (2). Most deaths (60%) occurred in the first year after LT, 
whereas only 32.4% were related to HCC recurrence. Since 
laboratory MELD, age, and rate of downstaged patients 
were comparable between the surviving and non-surviv-
ing recipients, the most likely explanation for the death 

outcomes unrelated to HCC is the recurrence of HCV 
infection. HCV patients were not treated with direct-

acting agents before 2016, and many patients died or were 
re-transplanted due to HCV recurrence. The death rate of 
HCV-positive recipients was 28.6%, the highest when com-
pared with other diseases.

The International Consensus Conference on LT for HCC rec-
ommended the evaluation criteria for downstaging pro-
cedure outcome based on the size and number of viable 
tumors. Even though macrovascular invasion and extrahe-
patic tumor spread are contraindications for downstaging 
procedure, there are still no well-defined criteria based on 
the upper limit of tumor nodules or diameters (6). Our cen-
ter imposes no strict limits for the eligibility to downstag-
ing procedure. In the downstaging group, 31.5% patients 
had more than 3 tumors (maximum 5), the median sum of 
MTD was 64 mm (range 10-141), and the greatest treated 
tumor diameter was 90 mm. The overall waiting time for 
LT was short (median 22.5 days) and comparable between 
the groups, as a consequence of high organ donation rate 
in Croatia. Only about 71.1% of recipients had downstag-
ing-to-LT time on the waiting list longer than 3 months. 
Although we did not assess the overall effect of the TACE 
procedure on the eligibility for the LT, the majority of the 
studies on this issue are retrospective in design with dis-
crepant results, without pre-defined tumor eligibility crite-
ria for the procedure and a high drop-out rate (44%-76%) 
(7,13-15). Consequently, downstaging success rates are 
extremely variable (24%-90%), depending on the tumor 
burden, treatment modality, definition of response, liver 
disease severity, HCC progression rate, and availability of 
organs for LT (16-18). The majority of studies reported ex-
cellent first-year survival rates exceeding 90%, but variable 
five-year survival rates (70%-90%). Post-LT HCC recurrence-
free survival rates at one and five years were 91% and 80%, 
respectively (18). Studies on downstaged patients, with 
strict inclusion criteria and mandatory waiting time before 
LT (proving better evaluation of disease response or stabi-
lization and tumor biology) reported better LRT success, 
HCC recurrence rate, and survival, which were even equiv-
alent to patients initially within the MC (7,19-21).

Even though data about risk factors affecting survival 
and HCC recurrence after downstaging are still emerg-

TABlE 2. Multivariate analysis of factors associated with recipient death outcome (Cox regression analysis)

Parameter P Hazard ratio 95% confidence interval

Age (years) 0.02 1.07 1.01 – 1.1
Number of tumors on explant finding (NT-3) 0.03 1.09 1.01-1.17
Hepatocellular carcinoma recurrence 0.001 3.62 1.67-7.88
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ing, our findings agree with the published data and are 
related to well-known factors associated with unfavorable 
outcomes after LT (2,9,19,22). The number of tumors on 
the explant, age, and HCC recurrence were significantly 
associated with death. The strongest predictor was HCC 
recurrence, amplifying the importance of pre-LT stratifi-
cation of patients with the highest risk of disease recur-
rence. The sum of MDT on the explant was significantly 
related to HCC recurrence, whereas cut-off value of >69 
mm diameter of viable tumor allowed optimal prediction 
of tumor recurrence on ROC analysis. Previous studies also 
highlighted a positive association of pre-LT tumor necro-
sis extent accomplished by LRT to a lesser HCC recurrence 
and a better survival (23-26).

In our study, no baseline tumor characteristic reliably pre-
dicted recipient survival and HCC recurrence-free survival. 
Beneficial tumor response to TACE, targeting the MC as a 
criterion for LT in our study, may be used in selection of 
patients with favorable tumor biological characteristics. 
Independent of tumor measurements, tumor response to 
downstaging is believed to ensure enough time for physi-
cians to appraise its biological behavior and identify the pa-
tients at lowest risk of tumor progression and unfavorable 
post-LT outcomes (21,27,28). This is expected since favor-
able tumor response to LRT is often related to indicators of 
advantageous outcomes (ie, absence of MiVI and satellites, 
low tumor grading). Unfortunately, without tumor biopsy, 
these indicators are not available before LT. In our study, 
the rate of explant finding MiVI was comparable between 
the groups, which also supports the role of downstaging 
in the selection of patients with more auspicious tumor 
biological behavior. Since AFP level is related to a higher 
tumor burden and MiVI rate, the trend and final level of 
AFP at the end of downstaging procedure further eluci-
dates tumor biology, although there is no consensus con-
cerning the optimal AFP threshold before LT (4,19,29,30). In 
our center, there were no predefined criteria concerning 
the upper AFP cut-off at the time of listing to LT. However, 
21.1% of patients in the downstaged group and 9.38% in 
the MC group had AFP level higher than 400 μg/mL. This 
suggests a higher rate of patients with unfavorable biol-
ogy in the downstaged group, and may explain the trend 
toward more HCC recurrences in these patients.

Since both post-LT survival and HCC recurrence were best 
predicted with the explant finding of tumor number and 
size, we compared them with the pre-LT imaging assess-
ment. Overall, 36.9% of explant findings did not fulfill the 
MC, significantly more in the downstaging group than in 

the MC group. Most patients had a discrepancy in both tu-
mor number and the sum of MTD, followed by a discrep-
ancy in the sum of MDT only. In the population with liver 
cirrhosis, both radiological methods have the sensitivity of 
<87% and the satisfying specificity of 78%-96% (4). Previ-
ous research also revealed a discrepancy in up to 25% of 
pretransplant radiological and explant pathology findings 
(31). As opposed to the tumor number, the size of HCC has 
a major prognostic role in most prediction models, with 
nodules <10 mm often not being considered in the anal-
ysis (32). Our criteria for discrepancy were very rigorous, 
which is a challenging approach having in mind the nodu-
larity of cirrhosis.

Many medical teams use DEB-TACE for downstaging be-
fore LT. Compared with other LRTs, it is a well-standardized 
procedure and the beads likely lead to irreversible isch-
emia and reduced levels of vascular-endothelial-growth 
factor, which are negatively associated with tumor growth, 
metastasis formation, and poor survival (33). Due to the 
retrospective study design and the fact that all down-
staged patients were treated with TACE, we were unable to 
compare different LRT procedures and treatment selection 
criteria. We were also unable to evaluate the intention-to-
treat downstaging procedure outcomes, and consequent 
LT rate, to be able to investigate the effects of mandatory 
waiting time before LT and the factors predicting the wait-
ing list dropout. Studies with very strict inclusion criteria 
and LRT protocol are needed to better define an optimal 
downstaging procedure and pre-LT factors related to a fa-
vorable outcome.

The results of our and previous studies show that even pa-
tients initially exceeding the MC when successfully down-
staged can attain post-LT recipient and HCC recurrence-
free survival comparable to patients initially meeting the 
MC. This might be related to the positive effects of down-
staging when it comes to selection of the tumors with 
most favorable biological behavior. Even though the two 
patient groups did not significantly differ in survival, our re-
sults also revealed that non-selective criteria for downstag-
ing can result in a trend toward higher tumor recurrence 
rates after LT. This implies that, except limitations in the re-
liability of imaging methods, there are other unknown pre-
LT factors related to unfavorable outcomes of downstaged 
patients. In further studies, conventional criteria for defin-
ing the success of downstaging before and outcome after 
LT are likely to be replaced with composite criteria that 
combine multiple surrogates of tumor biology. Until 
such criteria are available, in order to achieve max-
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imum success of downstaging procedure accompanied 
with favorable LT outcomes, the procedure should be per-
formed exclusively within strictly defined protocols.
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