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Limitations of predicting 
microvascular invasion in patients 
with hepatocellular cancer prior to 
liver transplantation
Michał Grąt1, Jan Stypułkowski1, Waldemar Patkowski1, Emil Bik1, Maciej Krasnodębski1, 
Karolina M. Wronka1, Zbigniew Lewandowski2, Michał Wasilewicz3, Karolina Grąt4, 
Łukasz Masior1, Joanna Ligocka1 & Marek Krawczyk1

Microvascular invasion (MVI) is well known to negatively influence outcomes following surgical 
treatment of hepatocellular cancer (HCC) patients. The aim of this study was to evaluate the rationale 
for prediction of MVI before liver transplantation (LT). Data of 200 HCC patients after LT were subject 
to retrospective analysis. MVI was present in 57 patients (28.5%). Tumor number (p = 0.001) and size 
(p = 0.009), and alpha-fetoprotein (p = 0.049) were independent predictors of MVI used to create a 
prediction model, defined as: 0.293x(tumor number) + 0.283x(tumor size in cm) + 0.164xloge(alpha-
fetoprotein in ng/ml) (c statistic  =  0.743). The established cut-off (≥2.24) was associated with 
sensitivity and specificity of 72%. MVI was not an independent risk factor for recurrence (p = 0.307), 
in contrast to tumor number (p = 0.047) and size (p < 0.001), alpha-fetoprotein (p < 0.001) and poor 
differentiation (p = 0.039). Recurrence-free survival at 5 years for patients without MVI was 85.9% as 
compared to 83.3% (p = 0.546) and 55.3% (p = 0.001) for patients with false negative and true positive 
prediction of MVI, respectively. The use of both morphological and biological tumor features enables 
effective pre-transplant prediction of high-risk MVI. Provided that these parameters are combined in 
selection of HCC patients for LT, pre-transplant identification of all patients with MVI does not appear 
necessary.

Liver transplantation provides superior results in well-selected patients with liver cirrhosis and hepatocellular 
cancer (HCC)1. Despite the advantages, its wide use remains limited by the relative shortage of organs procured 
from deceased donors2. Selection of patients based on the Milan criteria is associated with 5-year survival and 
recurrence rates of approximately 60–80% and 10–20%, respectively3–5. Although they remain the benchmark for 
patient selection, the long-term post-transplant outcomes of HCC patients are generally lower than that observed 
for patients with benign indications6. Nevertheless, authors from numerous transplant centers across the globe 
advocate expansion of the Milan criteria4,7–16.

The principle of potential expansion of listing criteria is to keep the risk of post-transplant tumor recurrence 
within the limits provided by the use of Milan criteria6. Accordingly, a combination of both morphological and 
biological tumor features seems crucial to achieve that purpose8. Pre-transplant serum tumor markers, namely 
alpha-fetoprotein (AFP) and protein induced by vitamin K absence or antagonist II, remain the most widely 
adopted surrogates for tumor biological aggressiveness used for that purpose7,8,10,13,16–19. However, microvascu-
lar invasion is consistently being reported as one of the most important tumor features, largely determining 
the long-term patient prognosis after both resection and transplantation20–25. In a recent systematic review, the 
relative risk for worse 3-year disease-free survival associated with microvascular invasion was 3.4 for liver trans-
plantation and 1.8 for liver resection26.

1Department of General, Transplant and Liver Surgery, Medical University of Warsaw, Poland. 2Department of 
Epidemiology, Medical University of Warsaw, Poland. 3Hepatology and Internal Medicine Unit, Department of 
General, Transplant and Liver Surgery, Medical University of Warsaw, Poland. 4Second Department of Clinical 
Radiology, Medical University of Warsaw, Poland. Correspondence and requests for materials should be addressed 
to M.G. (email: michal.grat@gmail.com)

Received: 05 August 2016

Accepted: 29 November 2016

Published: 06 January 2017

OPEN

mailto:michal.grat@gmail.com


www.nature.com/scientificreports/

2Scientific RepoRts | 7:39881 | DOI: 10.1038/srep39881

Assessment of microvascular invasion on the basis of histopathological examination of the explanted liver 
precluded its incorporation into the selection process to date. For this reason, a large number of studies focused 
on the methods of pre-transplant prediction of this negative tumor feature. Due to the problem of intratumor 
heterogeneity, analysis of biopsy samples is inadequate for evaluation of microvascular invasion27. Several radio-
logical studies have brought promising results, yet still either insufficient to provide a method of setting a definite 
pre-transplant diagnosis or requiring further validation27–30. Importantly, microvascular invasion is continu-
ously reported to be associated with macroscopic tumor features, such as number and size, and serum oncologic 
markers31–34. Using various combinations of these factors facilitates prediction of the presence of microvascular 
invasion with moderate accuracy. However, significant predictors of microvascular invasion are also risk factors 
for post-transplant tumor recurrence8,11,13,16,20. Therefore, false negative results of prediction of microvascular 
invasion basing on other well-known factors for tumor recurrence are limited to patients at generally low risk of 
recurrence. Notably, microvascular invasion was found irrelevant in prediction of long-term outcomes following 
resection of small, therefore low risk, HCC nodules35.

In contrast to patients not considered for transplantation in whom information on microvascular invasion 
may aid the decision on choosing the appropriate treatment modality, its application in the transplant setting 
appears limited to potentially identify patients at high risk of recurrence to whom liver transplantation should 
not be offered. The aim of the present study was to evaluate the rationale for prediction of microvascular invasion 
prior to liver transplantation.

Materials and Methods
A total of 1459 liver transplantations were performed in the Department of General, Transplant and Liver Surgery 
at the Medical University of Warsaw (Poland) in the period between December 1989 and July 2014. Between 
January 2003 and July 2014, there were 203 patients with HCC treated with liver transplantation. Following 
exclusion of 3 patients with missing data on the presence of microvascular invasion, 200 patients were included in 
the final study cohort. This retrospective cohort study was approved by the local ethics committee of the Medical 
University of Warsaw. Due to the retrospective character of the study, informed consent was not required by 
the institutional review board. The methods were carried out in accordance with the relevant guidelines and 
regulations.

Tumor recurrence over the 5-year post-transplantation period was set as the primary end-point. Recurrence-free  
survival, the primary outcome measure, was calculated as the time from liver transplantation to the occurrence of 
primary end-point. Observations were censored at the date of last available follow-up or death due to causes other 
than tumor recurrence. Microvascular invasion was set as the secondary end-point and defined as the presence 
of tumor within vessels found on microscopic evaluation and referred to in histopathologic reports. Details on 
surgical technique, post-transplant follow-up and immunosuppression protocol were described previously36,37.

First, predictors of the presence of microvascular invasion were established. Using the independent predic-
tors, a score for prediction of microvascular invasion was created and an optimal cut-off value was searched 
for. Recurrence-free survival at 5 years post-transplantation was compared between patients with and without 
microvascular invasion. Moreover, the outcomes were compared between patients without microvascular inva-
sion, patients with microvascular invasion not predicted by the established score (false negatives), and those with 
microvascular invasion predicted by the established score (true positives). Additionally, two previously published 
models were evaluated in a corresponding fashion32,34. Finally, the impact of the presence of microvascular inva-
sion on 5-year recurrence-free survival was analyzed following adjustment for the confounding effects of the 
independent predictors of microvascular invasion.

Continuous variables were presented as medians with interquartile ranges. Categorical variables were pre-
sented as numbers with percentages. Logistic regression models were used to evaluate independent predictors of 
microvascular invasion. Forward stepwise method was used to create multivariable model with p <  0.150 used 
for inclusion and p <  0.050 for exclusion of variables from the model. Receiver operating characteristics (ROC) 
curves were used to establish the optimal cut-offs for prediction of microvascular invasion. Areas under the 
ROC (AUROCs) were presented with standard errors (SEs). Recurrence-free survival was calculated using the 
Kaplan-Meier estimator. Survival curves were compared with the log-rank test. Cox proportional hazard regres-
sion models were used to evaluate factors associated with recurrence-free survival. Odds ratios (ORs) and hazard 
ratios (HRs) were presented with 95% confidence intervals (95% CI). The level of significance was set at α  =  0.05. 
STATISTICA 12 statistical software (StatSoft Inc., Tulsa, OK, USA) was used to conduct statistical analyses.

Results
Baseline characteristics of patients included in the final study cohort were presented in Table 1. Microvascular 
invasion was found in 57 out of 200 patients (28.5%). Median follow-up period was 30 months. A total of 30 
patients developed tumor recurrence, with the recurrence-free survival rates of 91.6% at 1 year, 83.6% at 3 years, 
and 79.1% at 5 years.

The following significant predictors of microvascular invasion were identified in univariable analyses: num-
ber of tumors (p <  0.001), size of the largest tumor (p =  0.004), total tumor volume (p =  0.005), pre-transplant 
alpha-fetoprotein concentration (p =  0.013), and poor tumor differentiation (p =  0.050, Table 2). The associa-
tions between the presence of hepatitis B virus infection (p =  0.054) and model for end-stage liver disease score 
(p =  0.088) and microvascular invasion were slightly above the level of significance. However, multivariable anal-
ysis revealed that only number of tumors (p =  0.001), size of the largest tumor (p =  0.009), and pre-transplant 
alpha-fetoprotein concentration (p =  0.049) were independent predictors of microvascular invasion.

Prediction of microvascular invasion based on pre-transplant alpha-fetoprotein concentration, number of 
tumors, and size of the largest tumor was associated with AUROCs of 0.603 (SE =  0.046), 0.661 (SE =  0.042), and 
0.622 (SE =  0.045), respectively (Fig. 1a,b, and c). According to the ROC curves, the optimal cut-offs were: ≥ 21.4 
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ng/ml for pre-transplant alpha-fetoprotein concentration, ≥ 2 for number of tumors, and ≥ 4 cm for size of the 
largest tumor. The established cut-offs were associated with accuracy, sensitivity, specificity, positive predictive 
value, and negative predictive value of 61.1%, 57.9%, 62.4%, 38.4%, and 78.6%, respectively, for pre-transplant 
alpha-fetoprotein, 60.5%, 64.9%, 58.7%, 38.5%, and 80.8%, respectively, for number of tumors, and 63.3%, 50.9%, 
68.3%, 39.2%, and 77.6%, respectively, for size of the largest tumor.

Microvascular invasion index (MVI index) was created basing on the results of multivariable analysis of the 
associations between number of tumors, size of the largest tumor and pre-transplant alpha-fetoprotein concen-
tration and microvascular invasion, and was defined as:
MVI index  =   0.293 x (number of tumors) +  0.283 x (size of the largest tumor in cm) +  0.164 x loge(pre-transplant 
alpha-fetoprotein concentration in ng/ml).

The AUROC for prediction of microvascular invasion based on MVI index (Fig. 1d) was 0.743 (SE 
0.039), significantly higher than each of those observed for the three independent predictors: pre-transplant 
alpha-fetoprotein (p =  0.002), number of tumors (p =  0.022), and size of the largest tumor (p =  0.001). As com-
pared to the MVI index, the use of either of the analyzed, previously published models was associated with 
non-significantly lower AUROC (Table 3). Accuracy, sensitivity, specificity, positive predictive value and negative 
predictive value for the established MVI index cut-off value of 2.24 were 72.1%, 71.9%, 72.1%, 51.3%, and 86.3%, 
respectively.

Recurrence-free survival at 1, 3, and 5 years post-transplantation was 85.6%, 74.0%, and 64.1%, respectively, 
in patients with microvascular invasion, significantly inferior to that of 94.3%, 88.3%, and 85.9%, respectively, 
observed in patients without microvascular invasion (p =  0.015; Fig. 2a). Patients with microvascular invasion 
not predicted by the MVI index (MVI index  <  2.24) exhibited 5-year recurrence free survival of 83.3%, superior 
to 55.3% (p =  0.026) observed in those with microvascular invasion predicted by the MVI index (MVI index ≥ 
2.24). As compared to patients without microvascular invasion, patients with microvascular invasion predicted 
by the MVI index (true positive prediction) had significantly lower (p =  0.001) while patients with microvascular 
invasion not predicted by the MVI index (false negative prediction) similar (p =  0.546) 5-year recurrence free 
survival (Fig. 2b). Similarly, patients with false negative and true positive prediction of microvascular invasion 
based on the Cucchetti et al score had similar (78.1%) and significantly lower (60.6%) 5-year recurrence free sur-
vival, respectively, than patients without microvascular invasion (p =  0.906 and p =  0.004, respectively, Fig. 3a). 
Conversely, patients with either microvascular invasion predicted or unpredicted by the Zhao et al score exhibited 
non-significantly (p =  0.092 and p =  0.062, respectively) compromised recurrence-free survival at 5 years (69.6% 
and 68.3%, respectively, Fig. 3b).

Microvascular invasion (p =  0.021), number of tumors (p <  0.001), size of the largest tumor (p <  0.001), total 
tumor volume (p <  0.001), pre-transplant alpha-fetoprotein concentration (p <  0.001), and poor tumor differ-
entiation (p =  0.005) were significantly associated with 5-year recurrence-free survival in univariable analyses 

Characteristics
n (%) or median 

(IQR)

Recipient gender

 male 143 (71.5%)

 female 57 (28.5%)

Recipient age (years) 57 (52–61)

MELD 11 (8–13)

HCV infection 137 (68.5%)

HBV infection 81 (40.5%)

Within Milan criteria 120 (60.0%)

Within UCSF criteria 144 (72.0%)

Within Up-to-7 criteria 154 (77.0%)

Number of tumors 1 (1–3)

Size of the largest tumor (cm) 3.0 (2.0–4.5)

Total tumor volume (cm3) 22.5 (5.3–54.2)

Pre-transplant AFP (ng/ml) 16 (6–114)

Poor tumor differentiation 24 (12.0%)

Microvascular invasion 57 (28.5%)

Neoadjuvant treatment 86 (43.0%)

Total ischemic time (hours) 9.0 (8.0–10.3)

Piggyback transplantations 175 (87.5%)

Intraoperative PRBC transfusions (units) 3.0 (1.5–6.0)

Intraoperative FFP transfusions (units) 7.0 (5.0–10.0)

Donor age (years) 49.5 (38.0–57.5)

Table 1.  Baseline characteristics of 200 patients after liver transplantation for hepatocellular cancer 
included in the final study cohort. IQR – interquartile range; UCSF – University of California, San Francisco; 
AFP – alpha-fetoprotein; MELD – model for end-stage liver disease; HCV – hepatitis C virus; HBV – hepatitis B 
virus; PRBC – packed red blood cells; FFP – fresh frozen plasma.
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(Table 4). Number of tumors (p =  0.047), size of the largest tumor (p <  0.001), pre-transplant alpha-fetoprotein 
(p <  0.001), and poor tumor differentiation (p =  0.039) were independent risk factors for HCC recurrence in 
multivariable analysis. No significant impact of microvascular invasion on 5-year recurrence-free survival was 
found following adjustment for the effects of number of tumors, size of the largest tumor, and pre-transplant 
alpha-fetoprotein in a 4-variable model (HR 1.56 95% CI 0.66–3.65; p =  0.307). Moreover, the effects of micro-
vascular were non-significant following separate adjustment for number of tumors (microvascular invasion: HR 
1.72 95% CI 0.74–3.97, p =  0.206; number of tumors: HR per 1 tumor increase 1.24 95% CI 1.09–1.40, p <  0.001), 
size of the largest tumor (microvascular invasion: HR 2.17 95% CI 0.95–4.99, p =  0.067; size of the largest tumor: 
HR per 1 cm increase 1.34 95% CI 1.15–1.57, p <  0.001), and pre-transplant alpha-fetoprotein concentration 
(microvascular invasion: HR 2.08 95% CI 0.91–4.76, p =  0.082; alpha-fetoprotein: HR per 1 loge increase 1.39 95% 
CI 1.20–1.61, p <  0.001) in bivariable analyses, while the independent risk factors retained their significant effects.

Discussion
Microvascular invasion is frequently reported as a major risk factor for HCC recurrence following liver trans-
plantation20,38,39. As such, in order to facilitate its inclusion into the selection process, a wide variety of studies are 
focused on optimizing methods of preoperative prediction of microvascular invasion using imaging modalities 
and other pre-transplant factors27–30,40–42. The results of the present study confirm that a combination of mor-
phological tumor characteristics with serum alpha-fetoprotein concentration may be used for this purpose with 
moderate accuracy. However, what is more important, the findings indicate that pre-transplant assessment of 
microvascular invasion does not appear to provide additional information on the risk of post-transplant tumor 
recurrence when both morphological and biological features are included in the selection criteria.

Recurrence-free survival of patients with microvascular invasion was indeed inferior to those without micro-
vascular invasion, which is in line with previous reports20,38,39. Notably, the negative effect of microvascular 
invasion was only slightly above the level of significance following separate adjustment for the effects of size of 
the largest tumor and pre-transplant alpha-fetoprotein concentration. However, when all of the 3 predictors of 
microvascular invasion along with microvascular invasion itself were included in a single model, no significant 
effects of the latter were observed. Therefore, as combination of morphological tumor parameters and serum 
HCC markers in the selection process is gaining increasing popularity among transplant centers7,8,10,13,16–19, the 
relevance of obtaining data on the presence of microvascular invasion appears to become far less important for 
the clinical practice. This observation corresponds to previous findings of other authors regarding no significant 
impact of microvascular invasion in multivariable analyses including these important features43–45.

Notably, a model based on number of tumors, size of the largest tumor and pre-transplant alpha-fetoprotein 
concentration did not only allow to predict a major proportion of patients with microvascular invasion, but also 
stratified patients with microvascular invasion into those with low and high risk of tumor recurrence. Moreover, 
patients with low-risk microvascular invasion had their oncological outcomes almost identical to those with-
out any microvascular invasion, which further supports the hypothesis that the use of combined morphological 
and biological selection criteria alleviates the need for preoperative diagnosis of microvascular invasion. This is 
partly in line with a recently reported lack of negative impact of microvascular invasion on long-term survival of 
low risk HCC patients undergoing curative resection35. The concept of division of patients with microvascular 
invasion with and without clinical relevance was further explored in a recent study by Iguchi et al.39. Basing on 
histopathological features, the authors of that study divided patients into those with high and low risk microvas-
cular invasion. Importantly, the recurrence-free survival curves of patients with low and high risk microvascular 

Factors

Univariable Multivariable

OR (95% CI) p OR (95% CI) p

Recipient male gender 1.02 (0.72–1.43) 0.932

Recipient age 1.03 (0.99–1.07) 0.192

MELD 0.94 (0.88–1.01) 0.088

HCV infection 0.84 (0.61–1.17) 0.306

HBV infection 0.72 (0.52–1.01) 0.054

Alcoholic liver disease 1.31 (0.89–1.92) 0.177

Number of tumors 1.28 (1.12–1.46) < .001 1.34 (1.13–1.59) 0.001

Size of the largest tumor 1.31 (1.09–1.56) 0.004 1.33 (1.07–1.64) 0.009

Total tumor volume 1.08 (1.02–1.15) 0.005

Pre-transplant AFP 1.20 (1.04–1.38) 0.013 1.18 (1.01–1.39) 0.049

Poor tumor differentiation 1.55 (1.01–2.39) 0.050

Neoadjuvant treatment 1.16 (0.63–2.15) 0.638

Table 2.  Results of the analyses of predictors of the presence of microvascular invasion in patients with 
hepatocellular cancer undergoing liver transplantation. Odds ratios were given per: 1 year increase for 
recipient age; 1 point increase for model for end-stage liver disease; 1 tumor more for number of tumors; 1 cm 
increase for the size of the largest tumor; 10 cm3 increase for total tumor volume; 1 loge increase for alpha-
fetoprotein. OR – odds ratio; 95% CI – 95% confidence interval; MELD – model for end-stage liver disease; 
HCV – hepatitis C virus; HBV – hepatitis B virus; AFP – alpha-fetoprotein.
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invasion in the Iguchi et al. study highly resembled those observed in the present study for patients with micro-
vascular invasion unpredicted and predicted by the MVI index, respectively.

Figure 1. Assessment of the optimal variables cut-offs in prediction of microvascular invasion. Receiver 
operating characteristics curve for pre-transplant alpha-fetoprotein concentration (a), number of tumors  
(b), size of the largest tumor (c), and microvascular invasion index (d) in prediction of microvascular invasion. 
AUROC – area under the receiver operating characteristics curve; SE – standard error.

Score

Prediction of microvascular invasion

AUROC (SE)
AUROC  

(reported previously) Cut-off Accuracy Sensitivity Specificity PPV NPV

MVI index 0.743 (0.039) — ≥ 2.24 72.1% 71.9% 72.1% 51.3% 86.3%

Cucchetti et al.34 0.690a (0.041) 0.85034 ≥ 3.407 66.3% 69.1% 65.2% 44.7% 83.8%

Zhao et al.32 0.674b (0.039) 0.83232 ≥ 3 77.5% 38.0% 93.5% 70.4% 78.8%

Table 3.  Characteristics of the MVI index and two previously published scores in prediction of microvascular 
invasion in patients with hepatocellular cancer undergoing liver transplantation. MVI index =  0.293 x (number 
of tumors) +  0.283 x (size of the largest tumor in cm) +  0.164 x loge(pre-transplant alpha-fetoprotein concentration 
in ng/ml) Cucchetti et al. score34 =  − 5.087 +  2.417 x log10(pre-transplant alpha-fetoprotein concentration in ng/ml)  
+  0.778 x (size of the largest tumor in cm) +  1.550 x log10(total tumor volume in cm3) Zhao et al score32 =  1 point if 
pre-transplant alpha-fetoprotein concentration >  400 μ g/L +  2 points if pre-transplant γ -glutamyl-transpeptidase 
activity >  130 U/L +  1 point if total tumor size >  8 cm +  2 if >3 tumors a – p =  0.062 as compared to MVI index; 
b – p =  0.104 as compared to MVI index AUROC – area under the receiver operating characteristics curve;  
SE – standard error; PPV – positive predictive value; NPV – negative predictive value



www.nature.com/scientificreports/

6Scientific RepoRts | 7:39881 | DOI: 10.1038/srep39881

Given that a model based solely on preoperative factors was able to effectively stratify patients with microvas-
cular invasion into those with low and high risk of tumor recurrence, the results of this study partly oppose the 
role of liver resection in selection of patients with HCC for liver transplantation. As patients with microvascular 
invasion are at higher risk of recurrence in general, diagnosis of microvascular invasion in resected specimens 
was proposed as an exclusion criterion for liver transplantation46. Notably, a potential role of alpha-fetoprotein 
concentration in identification of patients with microvascular invasion and unresectable tumors was also 
acknowledged by the same authors. The results of the present study clearly point towards a more profound role 
of this marker in selection of patients for liver transplantation, as useful in prediction of high-risk microvascular 
invasion when combined with morphological parameters. Conversely, the concept of ab initio transplantation 
after liver resection in patients with a diagnosis of microvascular invasion in surgical specimen was suggested as 

Figure 2. The impact of low- and high-risk microvascular invasion on outcomes after liver transplantation. 
Recurrence-free survival curves after liver transplantation in (a) patients with (dashed line) and without (solid 
line) microvascular invasion, and (b) in patients without microvascular invasion (solid line), patients with 
microvascular invasion unpredicted by the model (dashed line), and patients with microvascular invasion 
predicted by the model (dotted line). Numbers of patients at risk are presented below the graphs.
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an alternate strategy in order to maximize the benefit of liver transplantation over resection in the era of organ 
shortage47. Its feasibility was recently reported, yet the use of an additional criterion of a minimum 6-month 
recurrence-free interval was suggested to avoid early recurrences48. Accordingly, the results of this study indicate 
that such additional criterion may be replaced with preoperative stratification of patients into those with low 
and high risk microvascular invasion. On the other hand, the follow-up period after liver resection provides 
a unique opportunity to assess the actual tumor biological aggressiveness49. Whether preoperative assessment 

Figure 3. The impact of microvascular invasion predicted and unpredicted by the scores proposed 
by Cucchetti et al.34 and Zhao et al.32 on outcomes after liver transplantation. Recurrence-free survival 
curves after liver transplantation in (a) patients without microvascular invasion (solid line), patients with 
microvascular invasion unpredicted by the model proposed by Cucchetti et al. (dashed line), and patients with 
microvascular invasion predicted by the model (dotted line) and (b) in patients without microvascular invasion 
(solid line), patients with microvascular invasion unpredicted by the model proposed by Zhao et al. (dashed 
line), and patients with microvascular invasion predicted by the model (dotted line). Numbers of patients at risk 
are presented below the graphs.
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is comparably accurate remains to be elucidated, yet available data on generally negative outcomes after liver 
resection combined with the option of salvage liver transplantation on intention-to-treat basis also need to be 
considered50.

The general characteristics of the created model in prediction of microvascular invasion are lower than other 
previously published32–34. However, application of either the score proposed by Cucchetti et al. or that proposed 
by Zhao et al. to patients included in the present study was associated with non-significantly lower AUROCs as 
compared to the MVI index, remarkably lower than reported in the original studies32,34. Moreover, the two pre-
viously published prediction models differed with respect to the clinical significance of false negative results. In 
line with the MVI index, patients with microvascular invasion predicted by the score proposed by Cucchetti et al.  
exhibited significantly compromised recurrence-free survival, whereas patients with microvascular invasion 
“missed” by the score exhibited outcomes similar to patients without microvascular invasion. In contrast, the 
score proposed by Zhao et al. lacked the ability to stratify patients with microvascular invasion into those at low 
and high risk of post-transplant HCC recurrence. This may be due to inclusion of the γ -glutamyl-transpeptidase 
activity in the latter, as both the MVI index and the score proposed by Cucchetti et al. are based only on variables 
known to be associated with tumor burden or biological behavior.

Notably, recently proposed detailed analyses of imaging studies appear more accurate with positive predictive 
value exceeding 90%30. The artificial neural network method introduced by Cucchetti et al. along a separate logis-
tic regression model was reported to predict microvascular invasion with similar precision34. A score proposed 
by Shirabe et al. based on tumor size, des-gamma-carboxy prothrombin concentration and maximum standard-
ized uptake value on 2-[18 F]-fluoro-2-deoxy-D-glucose positron emission tomography also provided superior 
sensitivity and specificity rates of 100% and 91%, respectively33. Unfortunately, the data available in the present 
study were insufficient to validate that previous findings. However, the most important advantage of combining 
morphological tumor characteristics with serum alpha-fetoprotein concentration is to provide data on high-risk, 
rather than to identify all patients with microvascular invasion, and the presented model was created solely to 
evaluate such capability. Therefore, the use of highly sensitive and specific predictive models in the selection pro-
cess would lead to exclusion of patients with low-risk microvascular invasion from liver transplantation.

According to a report from an international consensus conference, microvascular invasion was not recom-
mended for inclusion in the process of selection of patients for liver transplantation6. While the recommenda-
tion was based on the lack of reliable methods of pre-transplant detection, the results of the present study point 
towards the lack of prognostic significance of microvascular invasion when both morphological and biological 
criteria are considered and thus, support the guidelines for a different reason.

The study is subject to the limitation of its retrospective nature. Moreover, given the number of patients, there 
is a risk of type II error in the assessment of the effects of microvascular invasion. On the other hand, the observed 
outcomes of patients with low-risk microvascular invasion seem to preclude any clinically relevant inferiority as 
compared to patients without microvascular invasion.

In conclusion, the results of this study indicate that preoperative variables may be used to predict microvas-
cular invasion with moderate accuracy. More importantly, their combination facilitates identification of patients 
with microvascular invasion of high-risk of tumor recurrence. Provided that morphological and biological cri-
teria are combined in the selection of patients for liver transplantation, diagnosis of microvascular invasion does 
not seem to aid the decision-making processes and thus, appears unnecessary prior to transplantation.

Factors

Univariable Multivariable

HR (95% CI) p HR (95% CI) p

Recipient male gender 1.21 (0.45–3.23) 0.701

Recipient age 0.98 (0.94–1.02) 0.380

MELD 0.95 (0.86–1.06) 0.361

HCV infection 0.80 (0.36–1.78) 0.583

HBV infection 1.80 (0.82–3.95) 0.142

Alcoholic liver disease 1.08 (0.40–2.88) 0.879

Number of tumors 1.27 (1.13–1.43) < .001 1.18 (1.01–1.38) 0.047

Size of the largest tumor 1.39 (1.19–1.62) < .001 1.33 (1.13–1.56) < .001

Total tumor volume 1.03 (1.01–1.04) < .001

Pre-transplant AFP 1.43 (1.23–1.66) < 0.001 1.45 (1.20–1.75) < .001

Poor tumor differentiation 3.53 (1.47–8.48) 0.005 2.95 (1.05–8.25) 0.039

Microvascular invasion 2.52 (1.15–5.52) 0.021

Neoadjuvant treatment 1.82 (0.83–4.01) 0.136

Donor age (years) 0.99 (0.96–1.02) 0.573

Table 4.  Results of the analyses of factors associated with 5-year recurrence-free survival after liver 
transplantation for hepatocellular cancer. Hazard ratios were given per: 1 year increase for recipient and 
donor age; 1 point increase for model for end-stage liver disease; 1 tumor more for number of tumors; 1 cm 
increase for the size of the largest tumor; 10 cm3 increase for total tumor volume; 1 loge increase for alpha-
fetoprotein. HR – hazard ratio; 95% CI – 95% confidence interval; MELD – model for end-stage liver disease; 
HCV – hepatitis C virus; HBV – hepatitis B virus; AFP – alpha-fetoprotein.
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