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Abstract

Background: Studies suggest that vascular invasion may be a superior prognostic marker compared

with traditional selection criteria, e.g. Milan criteria. This study aimed to investigate the prognostic value

of micro and macrovascular invasion in a large database material.

Methods: Patients liver transplanted for HCC and cirrhosis registered in the European Liver Transplant

Registry (ELTR) database were included. The association between the Milan criteria, Up-to-seven criteria

and vascular invasion with overall survival and HCC specific survival was investigated with univariate and

multivariate Cox regression analyses.

Results: Of 23,124 patients transplanted for HCC, 9324 had cirrhosis and data on explant pathology.

Patients without microvascular invasion, regardless of number and size of HCC nodules, had a five-year

overall survival of 73.2%, which was comparable with patients inside both Milan and Up-to-seven

criteria. Patients without macrovascular invasion had an only marginally reduced survival of 70.7%

after five years. Patients outside both Milan and Up-to-seven criteria without micro or macrovascular

invasion still had a five-year overall survival of 65.8%.

Conclusion: Vascular invasion as a prognostic indicator remains superior to criteria based on size and

number of nodules. With continuously improving imaging studies, microvascular invasion may be used

for selecting patients for transplantation in the future.
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Introduction

In 1996, the Milan criteria were proposed for selecting patients
with hepatocellular carcinoma (HCC) for liver transplantation1

and have remained the gold standard since.2,3 The Milan
criteria are based on the assumption that survival for liver
transplantation for HCC should be comparable with survival in
non-malignant indications.3

Being a strong predictor of poor prognosis, macrovascular
invasion is an absolute contraindication for transplantation.3,4

The Milan and Up-to-seven criteria are based on size and
number of HCC nodules, which are not independently prog-
nostic factors when adjusted for micro and macrovascular in-
vasion.5 Among patients within criteria for transplantation,
microvascular invasion is a strong predictor of survival.6–9

Moreover, patients without microvascular invasion despite
having advanced tumors outside transplantation criteria, have a
prognosis comparable to that of patients within criteria.10

Together, this suggests that standard criteria for selecting pa-
tients for transplantation based on size and number of HCC
nodules, e.g. Milan criteria, may rule out patients with a good
prognosis due to the absence of microvascular invasion.
Selection of patients with HCC for transplantation is based

on preoperative imaging. These modalities may under-stage
patients, however, rarely due to missed macrovascular inva-
sion.11 With emerging imaging techniques, microvascular in-
vasion may be detected prior to transplantation in future
patients.12,13

Earlier investigations have shown the importance of vascular
invasion as a prognostic marker.5,7,9,11,14 However, these were
primarily smaller single center studies. Therefore, the aim of the
present study was to investigate, on a large scale, the impact of
microvascular and macrovascular invasion on survival in pa-
tients who were liver transplanted for HCC using the European
Liver Transplant Registry (ELTR) database. Thus, representing
general clinical practice in Europe.
Methods

This study was reported according to the STROBE guideline.15 A
protocol was registered at clinicaltrials.org with ID
NCT02995096 prior to performing the statistical analyses.
This study was register-based with prospectively recorded data

from the ELTR database, which comprises data from 172 liver
transplantation centers in Europe, reporting pre-transplant and
follow-up data. All patients are managed and followed up locally.
The database contains information on donor, recipient, locore-
gional treatments before transplantation, immunosuppression,
pathology from the explanted liver, underlying liver disease,
presence of cirrhosis in addition to HCC, time of death, and
cause of death.
All patients included were registered in ELTR from 1990 to

November 2016 and transplanted due to HCC. Patients
HPB 2018, 20, 768–775 © 2018 International Hepato-P
transplanted for HCC without cirrhosis and patients without
data on explant pathology were excluded.
The outcomes were overall survival and HCC specific survival,

five and 10 years after transplantation. The exposure variables
were based on explant pathology. These included vascular in-
vasion, number of HCC nodules and maximum size of HCC
nodules. Vascular invasion was defined as microvascular or
macrovascular invasion according to information in the ELTR
database. These represent the presence of tumor cells inside
smaller and larger vessels, respectively. The local pathology de-
partments defined the specific definitions of microvascular and
macrovascular invasion. The Milan criteria were defined as no
extrahepatic disease, no macrovascular invasion, one nodule of
maximum 5 cm in diameter or 1–3 nodules, each with a
maximum diameter of 3 cm1. The Up-to-seven criteria also
include no extrahepatic disease or macrovascular invasion. In
addition, the sum of number of nodules and size of the largest
nodule in cm may be up to seven.10

All patients with any data on explant pathology were selected
(data on number of nodules, size of largest nodule or vascular
invasion). Due to missing data in some variables, a multiple
imputation model with fully conditional specification and five
imputations was used with following variables: number of
nodules (0% missing), size of largest nodule (5.4% missing),
vascular invasion (20.2% missing), time on waiting list (19.4%
missing), cirrhosis (0% missing), age (0.1% missing), gender
(0% missing), MELD-score (26.4% missing), and trans-
plantation center (0% missing). Distribution and mean values
for variables were comparable before and after imputation.
Univariate and multivariate Cox regression were used to

evaluate the association between transplantation criteria,
vascular invasion and survival, as well as HCC specific survival,
and were reported as hazards ratios (HR) with 95% confidence
intervals (CI). Multivariate models included gender, age, center,
time on waiting list, number of nodules, size of largest nodule,
vascular invasion (micro, macro or none), and MELD-score, as
these were considered possible predictors of survival. Variables
already included in exposure variable (e.g. size and number for
Milan criteria) were excluded. Proportional hazards assumption
was checked for all covariates using log minus log plots with
natural logarithm of follow-up time. Five and 10 year overall and
HCC specific survival were calculated as cumulative survival with
95% CI using Kaplan Meier statistics. IBM SPSS statistic version
23 was used. Statistical significance was defined as P-value�0.05.
Results

Description of patients
Of 23,124 patients in the database, 9560 had any data on explant
pathology. Of these, 9324 had cirrhosis in addition to HCC and
were included. Patients with and without data on pathology were
comparable with respect to gender, age, volume of transplant
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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center, cirrhosis, time on waiting list and MELD-score. However,
patients with data were primarily transplanted in the late part of
the investigated period. Description of the 7439 patients (data
prior to imputation) who had information about vascular in-
vasion is shown in Table 1. Macrovascular invasion was found in
3.1% and microvascular in 17.8% of the patients. Moreover,
59.9% and 75.7% were inside Milan and Up-to-seven criteria,
respectively. 67.2% outside Milan criteria and 59.6% outside Up-
to-seven criteria had no vascular invasion. No difference in
MELD score relative to vascular invasion was observed. The
median follow-up was 23 months (range 0–289) and 94.9% had
one transplantation. The majority of patients were transplanted
after 2006 (90.3%). Three or more nodules were found in 19.3%
and in 11.8%, the largest nodule was more than 50 mm.

Tumor characteristics and survival
As shown in Table 2, the five-year overall survival for being
inside the Milan and Up-to-seven criteria were 75.0% and
73.3%, respectively. The more inclusive Up-to-seven criteria
provided a correspondingly reduced survival (Fig. 1). Inter-
estingly, patients without microvascular invasion, regardless of
nodule size and number, had a five-year survival of 73.2%,
comparable to that of the Up-to-seven criteria. Compared to
patients without vascular invasion, patients with vascular in-
vasion had a poorer prognosis with macrovascular invasion
representing the worst (Fig. 2).
Assuming that microvascular invasion may not be known

preoperatively, patients without macrovascular invasion
(including those with microvascular invasion), regardless of
nodule size and number, had a only marginally reduced survival
of 70.7% compared with the Milan and Up-to-seven criteria
(Table 2). Macrovascular invasion showed the highest HR for
survival, with an acceptable prognosis for patients without in-
vasion and a poor prognosis for patients with invasion (Table 2/
Fig. 2). As shown in Table 2, a similar pattern for analyses with
HCC specific survival was seen. Lastly, the analyses repeated
without imputed data yielded comparable results.
Table 1 Patients characteristics depending on vascular invasion

Total No vascular in

Age (mean (SD)) 56.8 (8.6) 56.8 (8.6)

Male gender (n) 6339 (85.2%) 5005 (85.0%)

Transplanted after 2006 (n) 6720 (90.3%) 5337 (90.7%)

Outside Milan criteria (n) 2894 (40.1%) 1946 (34.3%)

Outside Up to seven criteria (n) 1717 (24.3%) 1023 (18.4%)

> 3 nodules (n) 1540 (20.7%) 1030 (17.5%)

Max size of nodule > 50 mm (n) 760 (10.7%) 494 (8.9%)

MELD-score (mean (SD)) 13.1 (6.1) 13.1 (6.0)

Total number of patients (n) 7439 5885 (79.1%)

n: number of patients, SD: Standard deviation, MELD: Model for End-stag

HPB 2018, 20, 768–775 © 2018 International Hepato-P
Vascular invasion and survival in patients inside and
outside Milan and Up-to-seven criteria
For all included patients, the five-year overall survival rates were
75.0%, 66.3% and 57.7% for within Milan criteria, within Up-
to-seven criteria outside Milan criteria, and outside both,
respectively. Interestingly, patients without vascular invasion
who were outside both criteria still had a five-year overall sur-
vival of 65.8%, which was comparable to that of patients outside
Milan within Up-to-seven criteria (Table 3/Fig. 3). In addition,
patients without macrovascular invasion (including those with
microvascular invasion) who were outside both criteria still had a
five-year overall survival of 60.6%.
Regardless of vascular invasion, survival was lower for patients

outside the two criteria compared with being inside. This sug-
gested that other factors besides vascular invasion influence
prognosis. However, being inside both criteria, the absence of
vascular invasion only benefits marginally with respect to
survival.
Similar patterns were found for the analyses with HCC specific

survival (results not shown). In addition, analyses without
imputed data yielded comparable results.
Discussion

The present study showed that vascular invasion is an important
prognostic factor for patients liver transplanted for HCC. Pa-
tients without vascular invasion, regardless of size and number of
nodules, had a survival comparable to that of patients within
Milan and Up-to-seven criteria. In addition, patients outside
these criteria still had a fair prognosis in the absence of vascular
invasion, especially in the absence of microvascular invasion.
Therefore, if microvascular invasion could be used to select pa-
tients, the ones with a good prognosis excluded by the conven-
tional criteria, may be offered transplantation.
Previous studies support the findings of the present study, that

vascular invasion is an important prognostic factor.5,7–9,14 In a
study of 479 patients, only microvascular invasion, macro-
vascular invasion and tumor grade remained significant in the
vasion Macrovascular invasion Microvascular invasion

56.5 (9.3) 56.6 (8.4)

196 (84.8%) 1138 (86.1%)

212 (91.8%) 1171 (88.5%)

– 717 (54.8%)

– 463 (35.8%)

74 (32%) 436 (33%)

67 (29%) 199 (15.4%)

12.8 (5.8) 13.1 (6.1)

231 (3.1%) 1323 (17.8%)

e Liver Disease.

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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multivariate model including number of nodules, size of largest
nodule and sum of nodule diameters.5 In addition, Mazzaferro
et al. showed that patients outside the Up-to-seven criteria had a
five-year survival of 64% without microvascular invasion and
only 33% with microvascular invasion.10 Compared to the pre-
sent study, the prognosis for patients with microvascular inva-
sion was even worse, but similar for those without microvascular
invasion.
To our knowledge, this study is the largest study to date on

vascular invasion in patients liver transplanted for HCC and
cirrhosis with many transplantation centers involved. Since the
Milan criteria have been generally accepted in Europe, it may be
presumed that the majority of patients were comparable and
selected based on the same criteria. With a wide inclusion of
patients, the results reflect a true picture of general clinical
practice of liver transplantation for HCC in Europe.
The results were based on explant pathology data, which does

not necessarily compare well to pre-operative imaging. Thus, the
results cannot be directly implemented into clinical practice and
cannot be used to select patients for transplantation. Based on a
study from 2006, preoperative CTmay under-stage patients in as
much as 43% of cases.11 However, primarily due to under-
staging of size and number of nodules and rarely due to
missed macrovascular invasion. In fact, only 5.1% of patients
were under-staged due to macrovascular invasion not seen pre-
operatively.11 Patients with macrovascular invasion (3.1%) in the
present study may represent under-staging since macrovascular
invasion is generally considered an absolute contraindication for
transplantation.3 For some patients, disease may have progressed
since the last CT-scan, stressing the importance of repeat CT-
scan before transplantation, especially for patients with rapid
growing tumors. However, it cannot be excluded that some pa-
tient, especially younger, may have underwent transplantation
despite being outside criteria. In addition, there was no general
definition of micro and macrovascular invasion, which therefore
may differ between centers,16 which is a further limitation of the
study. The clinical practice may have changed over the relatively
long study period, which may have influenced the results. In
addition, data was based on the patients actually transplanted.
Thus, the results may not apply to all patients evaluated for
transplantation. Included patients are likely to have less severe
disease, since transplantation criteria have already been applied.
Furthermore, data on cause of death, which form the basis of the
outcome HCC specific survival rate may suffer from reporting
bias, and therefore may underestimate the rate. There was a
substantial amount of missing data primarily due to that data on
explant pathology were not incorporated into the ELTR ques-
tionnaire until 2007–2008. In fact, only 41.3% of patients in
ELTR had any data on pathology. In addition, data on vascular
invasion were missing for 20% of the included patients. Thus, the
investigated patients may represent a selected sample. Lastly, as in
all observational studies, there is a risk of confounding in which
case vascular invasion in itself may not be causal factor. However,
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Survival related to transplantation criteria

Table 3 Overall survival for inside and outside criteria depending on vascular invasion

5 year survival [95% CI]

Inside both
(n[5662)

Outside Milan inside up to
seven (n[1319)

Outside both
(n[2317)

All patients
(n[9298)

Macrovascular invasion – – 39.6% [32.5–46.7] 39.6% [32.5–46.7]

No macrovascular invasiona 74.1% [72.3–75.9] 66.3% [63.0–69.6] 60.6% [57.9–63.3] 70.7% [69.5–71.9]

Microvascular invasion 69.0% [64.9–73.1] 51.2% [43.2–59.2] 47.8% [42.3–53.3] 58.8% [55.7–61.9]

No vascular invasion 76.3% [74.7–77.9] 70.5% [67.0–74.0] 65.8% [62.5–69.1] 73.2% [71.8–74.6]

All patients 75.0% [73.6–76.4] 66.3% [63.0–69.6] 57.7% [55.0–60.4] 69.4% [68.2–70.6]

95% CI: 95% confidence interval.
a Includes patients with microvascular invasion and patients without vascular invasion.
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the estimates for vascular invasion did not change in the adjusted
analyses and there were comparable MELD-scores between the
groups with and without vascular invasion. Therefore, it may be
assumed that the groups were comparable and the increased
mortality observed related to vascular invasion was due to a
difference in tumor aggressiveness. This was supported by
comparable findings between overall survival and HCC specific
survival estimates.
With novel imaging techniques, preoperative identification of

features representing microvascular invasion may allow even
better selection of patients. In addition, possible under-
staging will likely be less common with contemporary imaging
with increasing diagnostic accuracy.17–19 Using 18 F-FDG
PET, microvascular invasion may be accurately predicted
HPB 2018, 20, 768–775 © 2018 International Hepato-P
preoperatively.12 Patients with no signs of microvascular invasion
based on preoperative scanning with advanced tumors outside
Milan criteria had comparable survival to patients inside to
Milan criteria. This modality had high positive and negative
predicting values to identify microvascular invasion in pathology
data. In addition, a non-invasive CT-based radiogenomic marker
accurately predicted microvascular invasion and was highly
associated with survival.13 In fact, patients within Milan criteria
and radiogenomic signs of microvascular invasion had a median
overall survival of 69 months compared with >147 months in
patients within Milan criteria and no signs of microvascular
invasion. Therefore, should a patient outside criteria be offered
transplantation, we believe there should no indirect signs of
microvascular invasion using these two modalities. However,
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 3 Survival for patients outside Milan and Up to seven criteria

Figure 2 Survival related to vascular invasion
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these results need confirmation in prospective studies before
implementing them into clinical practice.
In addition to preoperative imaging, alpha-fetoprotein (AFP)

may be used as a prognostic variable and is correlated with
vascular invasion.20–23 When used in conjunction with size and
number of HCC nodules, AFP improved selection of patients
compared with the Milan criteria in a study with validated re-
sults.22 Patients outside Milan criteria with a low AFP had a lower
risk of recurrence and may therefore be eligible for trans-
plantation. Thus, AFP, size and number of nodules together with
other biomarkers may be used with novel imaging techniques to
predicts microvascular invasion and improve future selection of
patients for transplantation of HCC. Unfortunately, AFP was not
registered in the ELTR. Therefore, the prognostic value of AFP
and correlation to vascular invasion could not be investigated in
the present study. Additional biomarkers such as des-gamma-
carboxy prothrombin (DCP) and allelic imbalance in micro-
satellites may also be considered. However, these are less exten-
sively investigated compared with AFP.23

Furthermore, locoregional treatment while on the waiting list
for transplantation, such as radiofrequency ablation or trans-
arterial chemoembolization, was not investigated in the present
study. However, response to such treatment may be a surrogate
marker of tumor aggressiveness.24,25 Thus, a good response leads
to improved recurrence free survival.24 Therefore, response to
locoregional treatment may, in addition to microvascular inva-
sion, be used to select patients for transplantation.25

Some have suggested the use of preoperative biopsy to obtain
the HCC diagnosis.26 In addition, preoperative biopsy may allow
for pathological classification of tumor aggressiveness. However,
preoperative biopsy is discouraged by most due risk of tumor
seeding in approximately 3% of the cases.27 Tumor biopsy may
be relevant especially for small lesions (<2 cm) where imaging
may be inconclusive.28 However, for these lesions the false
negative rate for tumor biopsy is 30%.29 Moreover, tumor biopsy
has a sensitivity of only 12.5% for identification of microvascular
invasion.13 Thus, the use of tumor biopsy does not seems to be a
valuable option for preoperative determination of prognostic
factors. In addition, with current transplantation criteria pre-
operative biopsy may have limited clinical consequences.
In conclusion, this study showed that vascular invasion is an

important prognostic factor for patients liver transplanted for
HCC. With continuously improving imaging studies, micro-
vascular invasion may be used to together with others factors to
select patients for transplantation in the future.
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