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In a study of 144 HCC patients treated with living
donor LT, Fujiki et al.?® reported that the incidence of
MVI was significantly higher for patients with a DCP
level > 400 mAU/mL versus patients with a DCP level
< 400 AU/mL.

Eguchi et al.?! studied 179 patients without macro-
scopic venous invasion who underwent curative resec-
tion for HCC. High preoperative levels of DCP and the
gross appearance of the tumor appeared to be strong
predictive factors for MVI, even for tumors less than 5
cm in size. The gross features that were associated
with MV] were extranodular growth, multinodularity,
and infiltrative growth.

The value of DCP in predicting MVI reciurence
should not be compared to the value of DCP in pre-
dicting HCC occurrence. Sterling et al.®* concluded
that mild to moderate elevations of the total AFP and
DCP levels (but not the AFP-L3 levels) occur fre-
quently in patients with chronic hepatitis C and
advanced cirrhosis, but they are related to factors
other than HCC and are poor indicators of HCC. They
recommended that these biomarkers not be part of
routine surveillance protocols.

An increase in the AFP level greater than 15 pg/L/
month during the wait for LT has been shown to be
the most relevant preoperative prognostic factor for
low overall and disease-free survival. An elevated AFP
level was shown to be a predictor of a lower recur-
rence-free survival rate in a large series of 283 trans-
plant paticnts (odds ratio = 2.88, 95% CI = 1.43

bc a preoperative pathological marker of tumor
aggressiveness.?® In the past 2 decades, attempts
have been made to detect circulating tumor cells in
the peripheral blood of IICC patients through the ex-
amination of tumor-related markers.2”2° However,
the results are still only probable because of the lack
of truly reliable HCC-related markers.

It is likely that new blood markers will be proposed
in the future. Recently, the angiopoietin 2 level has
been shown to be a predictor of tumor invasiveness in
patients with HCC.*°

Comment

The significance of a high serum DCP level as a good
biomarker for predicting MVI has been suggested
mostly in Japanese studies. Hence, an international,
multicenter study is required to assess the precise
predictive value of DCP in a broader group of HCC
populations.

Furthermore, other predictive parameters should be
evaluated. Reports on factors in HCC tissue that are
associated with MVI at protein and gene expression
levels are emerging. Liver-intestine cadherin has been
reported to be correlated with MVI in hepatitis B vi-
rus-related HCC.?! A genetic signature of microvascu-
lar invasiveness has also been reported in a genome-
wide analysis.®* The potential of these factors as
future biomarkers merits further studies.

The use of an artificial neural network to predict the
tumor grade and MVI on the basis of noninvasive vari-
ables is notable.®® An artificial neural network and
logistic regression models were based on a training
group of 175 randomly chosen patients and were
tested on 75 patients. In the testing group, the artifi-
cial neural network correctly identified 93.3% of the
tumor grades (k = 0.81) and 91% of the MVI cases (k
= 0.73). The logistic models correctly identified 81%
of the tumor grades (k = 0.55) and 85% of the MVI
cases (k = 0.57). In this study, many clinical, radio-
logical, and pathological factors were taken into
account, but the DCP level and the body mass index
were not. Surprisingly, in a study of 138 consecutive
patients who underwent surgery at Columbia Univer-
sity Medical Center from January 1, 2002 to January
9, 2008, Siegel et al.>* found that patients with a
body mass index > 30 kg/m® had MVI at rate of 40%,
whereas patients with a body mass index < 25 kg/m?
had MVI at a rate of 149%.

Question 4. Is MVI Related to the LT Outcome?

The relationship between MVI and LT outcomes is still
a matter of debate. The majority of studies favor the
view of a relationship between MVI and poor post-
transplant outcomes.! 13585 Many studies have
reported a close correlation between the presence of
MVI and a poor prognosis after LIl; Bhattacharjya
ct al.® performed a prospective study of 30 patients
treated with LT for rclatively small HCCs (range = 6-
75 mm). They found that the tumor size and the pres-
ence of multifocal tumors did not influence survival,
but MVI, which was more common. with larger tumors
(389% with tumors < 4 cm and 60% with tumors > 4
cm, P < 0.01), influenced survival. Cescon et al.?®
reported a single-center series of 283 patients who
underwent transplantation for HCC between 1997
and 2009; a Cox proportional hazards model showed
that MVI was a predictor of lower recurrence-free sur-
vival (odds ratio = 4.82, 95% CI = 1.87-12.41, P =
0.001). The fact that the Milan criteria did not appear
to be prognostic may not be surprising because 89%
of the patients fulfilled the up-to-7 criteria at the time
of orthotopic LT.

In a series of 51 patients undergoing LT for HCC,
Choi et al.®? retrospectively analyzed 5 cases of inci-
dental HCC with a mean size of 1.16 cm, no MVI, and
good to moderate tumor differentiation. They found
no recurrence of HCC in a mean follow-up period of
14 months. Lai et al.*” reported that only MVI and
exceeding the University of California San Francisco
criteria were independent risk factors for recurrence
in a multivariate analysis. However, many have
reported that a combination of a larger tumor size, a
higher histological grade (less differentiation), and
MVI is the strongest factor related to recurrence and a
poor prognosis after LT. Jonas et al.® found the pres-
ence of vascular invasion and the histological grade to
be the only statistically significant independent pre-
dictors of poor survival after LT. In a study of 69
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TABLE 2. Overview of Studies of Several Tumor Characteristics

Patients (n) Tumor Characteristics

Meeting Size AFP DCP Radiological Gross

Reference Analyzed Milan Criteria {cm) n Grade (ng/ml} (mAU/mL) Image Classification
Esnaola et al. (1) 245 245 R, + + - — .
Shah etal. (2) 154 154+ + + - - ~ ~
Parfitt et al. (3) 75 50% + + + + - - _
Léhe et al. (4) 97 47% + o+ + - - - _
Jonas et al. (5) 120 120 + o + - - - _
Bhattachazjya et al. (6) 30 30 + + + - - - _
Shirabe et al. (7) 218 NM + o+ + + + - _
Pawlik et al. (8) 1073 NM + + + + - — -
Hui et al. (10) 65 65* + - + - - - +
Sumie et al. {11) 110 110* + + -+ + - +
Nakashima et al. (12) 209 209* + - + - - - +
Kaibori et al. (13) 434 NM 4+ + + + - _
Shirabe et al. (14) 119 65 + o+ + + + - +
Cucchetti et al. (16) 62 NM + + + - - —
Kornberg et al. (18} 42 20% + o+ + + — + -
Eguchi et al. (21) 179 NM + o+ - + + - +
Koike et al. (22) 227 NM 4+ - + + — _
Fujiki et al. (23) 144 79 + 4 + + + - _
Cescon et al. (25) 283 208* + + + + - - -
Vibert et al. (26) 153 99 + + + + - - -
Ding et al. (31) 255 NM  + + + + - ~ -
Tanaka et al. (32) 59 NM + + + + + - +
Cucchetti et al. (33) 250 190* + + + - - —
Siegel et al. (34) 138 NM + - - + - - -
Roayaie et al. (35) 131 NM + + + + - - —~
Cucchetti et al. (36} 204 NM  + + + + - - -
Choi et al. (37) 5 NM + o+ + + — — _
Dudek et al. (38) 55 48* + o+ + - - - -
Plessier et al. (54) 69 69 + o+ — + - - _
Mazzaferro et al. (39) 1556 444* + + + - - - —
Yao et al. (40) 70 46* 4+ + + + - — _
Coelho et al. (41) 45 NM 4+ 4 + + - — _
Park et al. (42) 213 176* + o+ + + — — —
Vivarelli et al. (43) 139 113* + 4 + + - - —
Silva et al. (44) 257 231 + o+ + -+ - - -
Suh et al. (45) 19 0 + + + + - + -
Kornberg et al. (46) 60 27% + 4 + + — — _
Lai (47) 85 59* + 4+ + - — - -
D'Amico et al. (48) 479 272¢ 4+ + + + - - _
Lee et al. (49) 38 21* - - — — _ _
Bargellini et al. (53) 33 0 + + + -+ - + —
Fan et al. (55) 1078 394* 4+ 4 + + - - -

*Confirmed histopathologically.
patients with HCC who underwent LT, Plessier et al.*  went orthotopic LT and found no correlation between

reported that MVI was significantly correlated with
the presence of satellite nodules (P < 0.02) and a poor
prognosis.

On the other hand, a few studies have not been able
to correlate poor results with MVI, although macro-
vascular invasion has been related to bad outcomes.
Lee et al.*® followed 38 patients after LT for HCC for a
mean period of 17.7 months (range = 4-30 months),
and they found that the number of tumor nodules
and the presence of MVI did not affect tumor recur-
rence. Fan et al.?® studied 1078 patients who under-

MVI and overall or disease-free survival. Kornberg
et al.*® documented MVI as a risk factor for tumor re-
currence after LT. A poor tumor grade (HR = 21.8,
95% CI = 4.9-95.3, P < 0.001) and MVI (HR = 14.1,
95% CI = 1.4-147.1, P = 0.027) were identified as in-
dependent risk factors for reduced recurrence-free
survival after LT.

Although the risk of recurrence is higher in
patients with MVI, not all patients with MVI will ex-
perience recurrence. This has to be balanced with
macrovascular invasion and satellite nodules (all
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TABLE 3. Correlaticn Between MVI and Tumor Characteristics

Tumor Characteristics

DCp
Size AFP (mAU/ Radiological Gross
Reference {cm) n Grade (ng/mL) mLj} Image Classification
Esnszola et al. (1) + >4 + + Poorly differentiated/ NS
undifferentiated
Shah et al. (2} +>3.6 +>3.8 NS
Parfitt et al. (3) +>5
Lohe et al. (4] + >5 NS + Intermediate,
high grade
Jonas et a_. (B) + >5 i -+ + Grade 2/3
Bhattacha-jya et al. (6) + >4 NS + Moderately
differentiated/
poorlv differentiated
Shirabe et al. {7) i NS + NS +
Pawlik et al. (8) + + Multiple + High grade + >1000

Hui et al. (10} + Contiguous multinodular type
Sumie et al. (11) e NS + NS NS + Contiguous multinodular type
and intrahepazic metastasis
+ Simple nodular type

with extranodular

growth and contiguous

Nakashima et al. (12)

multinodular type
Kaibori et al. (13) + >5% NS + Poorly NS + >200
differentiated
Shirabe et al. (14) + Contiguous multinodular type
Koruberg et al. {18) NS NS + Poorly NS + PET
differentiated -positive
Eguchi et al. {21) .+ >5 + -+ + + Simple nodular type
with extranodular growth,
contiguous multinodular
type, and infiltrative type
Fujiki et al. {23) NS NS + >800 + >400
Vibert et al. (26) * >3 NS + Rapid
progression’
Cucchetti et al. (33) + + +
Siegel et al. {34) NS +
Silva et ai. (44) NS NS + Poorly 4
differentiated

NOTE: A boldec plus sign indicates an independent predictor in the multivariate analysis, and a plus sign that is not boldad indicates a correlation between the factor
and MVI but not an independent predictor. NS indicates no correlation. and a hlank field indicates that data were not available.

*The preoperative tumor size.

'Fifteen micrograms per liter per month.
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detected by imaging techniques), which are contra-
indications for LT because of the high incidence of
Tecurrence.

Table 2 summarizes the publications documenting
several types of tumor features, biomarkers, and imag-
ing modalities. Table 3 summarizes the publications
specifically documenting MVI and several of these
issues, and available correlations are included.

Other issues that should be taken into considera-
tion are as follows:

1. The indication for LT in patients with HCC
beyond the Milan criteria. Long-term survival is
indeed achievable when MVI is absent; this
emphasizes the need to find MVI biomarkers so
that LT can be successfully performed for
patients with HCC beyond the Milan criteria.®°
The use of the up-to-7 criteria®® seems, however,
to be a reasonable approach.!

2. The pre-LT treatment. Because of the long wait-
ing time before LT, more patients are being
treated preoperatively (locoregional therapy).
Furthermore, patients with tumors exceeding the
Milan criteria are also being treated so that their
HCC can be down-staged.®® Locoregional tumor
therapy has induced >50% tumor necrosis in
two-thirds of cases. Even after down-staging, the
overall survival and disease-free survival rates
are lower than those for patients within the Mi-
lan criteria. However, in patients with HCC
exceeding the Milan criteria, a complete response
after transarterial chemoembolization (according
to the amended Response Evaluation Criteria in
Solid Tumors guidelines) has been associated
with excellent posttransplant outcomes. The
complete response was associated with lack of
MVI in the expanded liver.?®

CONCLUSIONS

1. MVI is an independent risk factor and/or one of
the risk factors for HCC recurrence and poor out-
comes after LT. However, a favorable prognosis
can be expected when LT is performed for patients
with small and well-differentiated HCC because
MVI and HCC recurrence are rare in these cases.

2. MVI is most likely to be present in tumors larger
than 3 cm, in tumors whose gross pattern is the
nodular type with extranodular growth or the
confluent multinodular type, and in tumors with
a high histological grade (which shows a less dif-
ferentiated pattern).

3. It is impossible to detect MVI preoperatively by
conventional imaging modalities, and there is no
widely recognized biomarker for predicting MVI
Because of the significance of MVI with respect
to the recurrence of tumors and the prognosis,
the possibility of predicting its presence by a

comprehensive consideration of tumor character-
istics (the size, histological grade, and number)
and the potential role of imaging modalities
should be further explored; before then, it should
be better defined and graded. Further evalua-
tions of the emerging roles of radiological, biolog-
ical, and molecular profiling of HCC with an MVI
signature are needed. Although the use of DCP is
not popular in Western countries, its close rela-
tionship with the biological behavior of HCC sug-
gests its potential as a biomarker of MVI, and it
merits further study.

4. An artificial neural network may become useful

for identifying the tumor grade and MVI on the
basis of preoperative variables.
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