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Microvascular invasion of hepatocellular carcinoma predicts
microvascular invasion of its recurrence: potential implications for
salvage liver transplantation?
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Background: Microvascular invasion (MVI) can only be assessed on a full surgical specimen. We aimed at
evaluating, whether the histology of the primary tumor is predictive of MVI in a hepatocellular carcinoma
(HCC) recurrence.

Methods: Patients, who underwent liver resection or orthotopic liver transplantation (OLT) for recurrent
HCC from January 2001 until June 2018 were eligible for this retrospective analysis. Resected specimens
were evaluated for HCC subtype/morphology, vessels encapsulating tumor clusters (VETC)-pattern
and MVI. Dichotomous parameters were analyzed using y’-test and ¢-values, with P values <0.05 being
considered significant.

Results: Of 230 HCC recurrences, 37 (16.1%) underwent repeated liver resection (n=22) or OLT (n=15).
Of these, 67.6% initially exceeded the Milan criteria. MVI correlated Milan criteria (P=0.005), tumor size
(P=0.015) and VETC-pattern (P=0.034) in the primary specimen. The recurrences shared many features
of the primary HCC such as tumor grade (P=0.002), VETC-pattern (P=0.035), and MVI (P=0.046). In
recurrences, however, only the concordance with the Milan criteria correlated with MVI (P=0.018). No
patient without MVI in the primary HCC revealed MVI on early recurrence (<2 years) (P=0.035).
Conclusions: HCC recurrences share many biological features of the primary tumor. Moreover, early
recurrences of MVI-negative HCC never revealed MVI. This finding offers novel concepts, e.g., patient
selection for salvage OLT.
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Introduction

The optimal management of hepatocellular carcinoma
(HCC) is determined by the extent and pattern of the tumor
as well as liver function due to the predominant association
of HCC with chronic liver diseases such as fibrosis,
steatohepatitis or cirrhosis (1). Thus, orthotopic liver
transplantation (OLT) is considered the optimal treatment
for HCC patients with liver cirrhosis, since recurrence-
free survival is unaffected if patients are transplanted
within the Milan criteria (2). Moreover, experience of large
international centers also demonstrates excellent long-term
prognosis for selected patients with HCC beyond the Milan
criteria (3). Consequently, an extension of the transplant
criteria has been advocated by an HCC consensus
conference in 2010 (4).

Extending the indications for OLT in HCC could
potentially cure some patients, but would also further
encumber the limited donor pool. Therefore, patients with
compensated liver cirrhosis (Child A) may be offered liver
resection (LR) and (salvage) OLT as a rescue option in cases
of tumor recurrence. This concept appears particularly
attractive, since patients with a beneficial course after a
curative LR may be spared from unnecessary OLT, and
organs would be saved for the donor pool (5). On the other
hand, a large proportion of initially transplantable patients
drop-out during the follow-up period prior to a salvage-
OLT due to the development of contraindications for OLT
(e.g., advanced age, comorbidities and extent of disease).
Therefore, primary OLT revealed a better long-term
outcome on an intention-to-treat basis than the salvage
concept (6,7).

While tumor size and number (included in the Milan
criteria) are prognostic factors in HCC, the most important
prognostic parameter for HCC recurrence remains
microvascular invasion (MVI) (7-12). Ideally, patient
selection for OLT would be based on biological criteria
such as the MVI-status rather than clinical surrogate
parameters. However, the assessment of, e.g., the MVI-
status of an HCC requires the full histological work-up of
the HCC (9,10): MVI characterizes the vascular invasion
of HCC around rather than inside the HCC. In contrast
to this characteristic peritumoral feature, a particular
intratumoral vessels encapsulating tumor clusters (VETC)-
pattern has been proposed as additional prognostic feature,
which correlates with early metastasis in HCC (13).

Currently, it is unknown whether a recurrent HCC
shares the biological features of its primary tumor.
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Moreover, the significance of VETC-pattern in this context
is unknown. Therefore, we tested, in a highly selected
cohort of patients, whether the presence or absence of MVI
and VETC-pattern in the primary HCC predicted their
occurrence in the HCC recurrence in patients amenable
to surgical therapy. By this, we wanted to assess whether a
primary LR could help to select patients with HCC outside
the Milan criteria for OLT in this setting. We present the
following article in accordance with the STROBE reporting
checklist (available at https://hbsn.amegroups.com/article/
view/10.21037/hbsn-21-346/rc).

Methods

Patients who underwent a second LR or liver
transplantation for recurrent HCC at our center between
January 2001 and June 2018 were included into this
analysis. Biopsies-only for the primary diagnosis as well
as the confirmation of recurrence were excluded from this
analysis. Also, tumors with macroscopic vascular infiltration
were ineligible.

All clinical parameters were extracted from a prospective
clinical database and analyzed retrospectively. Due to the
long study period and the limited availability of computed
tomography images of patients operated more than 5 years
ago at our center, tumor extent in the primary specimen and
tumor recurrence were assessed histologically.

The study was performed according to the ethical
guidelines of the Declaration of Helsinki (as revised in
2013) and was approved by the institution’s human research
committee (2018-13857_1).

Histological assessment

Routinely, one section per 1 cm HCC-diameter was
assessed and at least one representative of the tumor
border. All primary and recurrent HCC were reassessed by
two pathologists (BK Straub, DA Ridder) for histological
subtype, micro-/macrovascular tumor infiltration, as well
as routine CD34-immunohistochemistry and grading on
hematoxylin & eosin (H&E) slides.

MVI was defined as nests of tumor cells in the vascular
cavity of small arteries or veins, that were not grossly
recognizable and could by identified only by conventional
light microscopic observation or immunohistochemical
techniques. Immunohistochemistry for CD34 was
performed in a representative tumor section at the border
to non-neoplastic liver parenchyma, if peritumoral tumor
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Figure 1 Histological scoring of VETC-patterns and microvascular invasion. CD34-staining demonstrates vessels in HCC without lining of tumor
cell clusters (A). In contrast, VETC are nicely delineated in (B) (IHC staining). A microvascular invasion is displayed on H&E (C) and CD34 (D)
staining. VET'C, vessels encapsulating tumor clusters; HCC, hepatocellular carcinoma; IHC, immunohistochemistry; H&E, hematoxylin & eosin.

deposits were detected and the relation to a vessel remained
unclear on H&E staining. Slides were graded MVI-positive
or MVI-negative according to the H&E + CD34 staining
(Figure 1).

In addition, the morphology of the primary and recurrent
tumors was assessed: a scoring in “similar” or “different”
type of differentiation was provided. The HCC subtype was
assessed according to the WHO classification of 2019 (e.g.,
fibrolamellar, steatohepatitic, clear-cell, macrotrabecular,
chromophobe, scirrhous, lymphocyte-rich, neutrophil-rich,
etc.) and in case, the HCC was of no special subtype, the
predominant differentiation (e.g., steatotic, solid, trabecular,
pseudo-glandular) was described (14).

Moreover, the VETC-pattern of each primary and
recurrent HCC was characterized with routine CD34
immunohistochemistry. The slides were graded as VETC-
positive and VETC-negative according to Fang ez al. (13).
In intermediate cases with unclear or only focal and not
representative vessels encapsulating pattern in the whole
tumor, the tumors were attributed VETC-negative (Figure I).

© HepatoBiliary Surgery and Nutrition. All rights reserved.

If more than one HCC nodule was present, H&E-
stained slides of all nodules were analyzed for MVI. Usually,
the largest lesion was stained for CD34. However, when
MVI was suspected, but could not be confirmed with
standard light microscopy, the respective paraffin block was
additionally stained with antibodies against CD34. VETC
pattern was analyzed on all samples stained for CD34.

Statistical analysis

All values are presented as median (range). Proportions were
calculated and compared by standard 2-by-2 tables using
the i’ test to test whether categorical data of two groups
differed. Correlations between dichotomous variables
were tested in 2-by-2 tables using the ¢-value. Continuous
parameters were compared by the Mann-Whitney U
test. Survival analyses were performed according to the
Kaplan-Meier method using the Log-rank test. P values
<0.05 were considered significant. All statistical analyses
were performed using SPSS software (version 11.5, SPSS,
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Table 1 Patient/tumor characteristics

Characteristics Primary HCC recErC:;ce
Sex, female/male 7/30

Age, median [range], years 61 [32-81]

Liver cirrhosis 24/37 (64.9%)

Child B/C

Diabetes

BMI, median [range], kg/m®
<20
20-25
>25, <30
>30

Etiology
Hepatitis B
Hepatitis C
Alcohol
Non-alcoholic steatohepatitis
Other
Unknown

Surgery
Segment resection (lap/open)
Left-lateral resection (lap/open)
Mesohepatectomy
hemihepatectomy
Extended hemihepatectomy
OLT
Bridging before OLT

RO
Grading
1
2
3
4

None

8/37 (21.6%)

25.4 [18.6-33.7]

3 (8.1%)

12 (32.4%)
8 (21.6%)
7 (18.9%)

7 (18.9%)
8 (21.6%)
9 (24.3%)
2 (5.4%)
2 (5.4%)
9 (24.3%)

22

15

TACE n=5
Additional:

IRE n=1; RFA

n=1

34 (89.5%)" 35 (92.1%)

25

23

Table 1 (continued)
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Table 1 (continued)

Characteristics Primary HCC HCC
recurrence
Within Milan criteria 12 (32.4%) 24 (64.9%)

Max. diameter of HCC, median
[range], cm

6.5 [4.0-26.0] 2.1[0.8-7.0]

Number of HCC, median [range] 1[1-3] 1[1-6]

Microvascular invasion 18 (48.6%) 11 (29.7%)

VETC* 12 (32.4%) 10(27.0%)

HCC subtype
Trabecular 32 (86.5%) 31 (83.8%)
Clear cell 1(2.7%) 2 (5.4%)™
Steatohepatitic 1(2.7%) 1(2.7%)
Macrotrabecular 1(2.7%) 1(2.7%)
Fibrolamellar 1(2.7%) 1(2.7%)
Mixed HCC/CCC 1(2.7%) 1(2.7%)

*, one only written histological report available; **, no grading
available after TACE; ™, initially trabecular with partial clear cell type,
recurrence with clear cell type. HCC, hepatocellular carcinoma;
BMI, body mass index; CCC, cholangiocarcinoma; OLT, orthotopic
liver transplantation; TACE, transarterial chemoembolization; IRE,
irreversible electroporation; RFA, radiofrequency ablation; VETC,
vessels encapsulating tumor clusters.

Chicago, IL, USA).

Results

During the study period, 428 patients underwent LR for
HCC, and 230 patients have developed a documented
recurrence. Of these, 37 patients (16.1%) underwent
repeated LR (n=22) or liver transplantation (n=15) for
curative treatment of HCC recurrence. One patient had
undergone primary HCC resection at another hospital and
the original specimen was not available for histological
reassessment. Only clinical parameters were used from
this patient. The median period between the first LR
and re-resection or liver transplantation was 19.1 months
(5.1-95.0 months).

Tumor parameters of the primary and recurrent HCC
are listed in Table 1. Most of the recurrent HCC (34/37;
91.9%) showed a conventional histological morphology
similar to the primary tumor. Also, the histological subtype
of the primary and recurrent HCC was congruent in all
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patients except one. This patient developed recurrence
more than 2 years after the primary tumor in hepatitis B
cirrhosis: while the primary HCC revealed features of a
trabecular and clear cell type, the recurrent tumor was
classified as clear cell type, only.

Primary tumor characteristics

Most patients (67.6%) presented with an HCC outside the
Milan criteria at study entry, and 67% of these HCC revealed
MVI. Concordance with the Milan criteria (¢ =0.471;
P=0.005) and the size of the tumors (¢ =0.405; P=0.015)
correlated well with the presence of MVI: 10/13 (76.9%)
HCC below 5 cm revealed no MVI, and 15/24 (62.5%) HCC
above 5 cm exhibited MVI. On the other hand, three HCC
within the Milan criteria revealed MVI, and 9 HCC above
Sem did not contain MVI (P=0.035). The presence of MVI
correlated with VETC-positive pattern (¢ =0.354; P=0.034)
in contrast to the tumor grading (¢ =0.473; P=0.41).

The median recurrence-free survival after primary
surgery was shorter for HCC with MVI compared to
no MVI (550 vs. 637 days, P=0.442), VETC" compared
to VETC" pattern (383 vs. 572 days, P=0.635) and
concordance compared to disagreement with Milan criteria
(414 vs. 567 days, P=0.617). However, these differences did

not reach statistical significance.

Recurrent tumor characteristics

Among the HCC recurrences, neither VETC-pattern (¢
=-0.127; P=0.446), tumor grade (¢ =0.287; P=0.384), nor
size of the HCC (¢ =0.043; P=0.798) correlated with MVI in
the HCC recurrence. Only the concordance with the Milan
criteria revealed a significant correlation with an MVI in the
HCC recurrence (¢ =0.388; P=0.018). Again, four recurrent
HCC (16.7%) revealed MVI despite being within the Milan
criteria, and 6 out of 13 (46.2%) recurrences outside Milan
criteria did not contain MVI.

The concordance with the Milan criteria of the primary
HCC was not associated with the Milan-concordance of the
recurrence (¢ =0.250; P=0.134). The tumor grade (¢ =0.849;
P=0.002), the VETC-pattern (¢ =0.351; P=0.035) and MVI
(¢ =0.324; P=0.046) of the primary and recurrent HCC

correlated significantly.

Prediction of MV in recurrent HCC

MVI was detected in 18 primary and in 11 recurrent HCC.
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While 8 patients with MVI in the primary HCC also had
a MVI in the secondary HCC, only three patients without
MVI in the primary HCC revealed a vascular infiltration in
the recurrent HCC (¢ =0.263; P=0.106; %° P=0.164). None of
the above-mentioned histological parameters of the primary
HCC was associated with MVI of the recurrent HCC.

Subgroup analysis

Since recurrences within two years are considered true
recurrences of the primary HCC (1,12), we performed a
subgroup analysis of these early recurrences: 22 patients
(59.5%) developed the recurrence within 2 years (Table 2).
Of these, 11 patients had MVI in the primary HCC, and
6 of these 11 patients (54.5%) also revealed MVI in the
recurrence. Most importantly, recurrent HCC of MVI-
negative primary tumors never had MVI (P=0.005), which
translates to a negative predictive factor of 100% and a
positive predictive factor of 54.5% (Figure 2).

In this subgroup, only eight primary HCC (33.3%) were
within the Milan-criteria. Neither concordance with the
Milan criteria (P=0.189), number (P=1.0), size (P=0.098),
tumor grading (P=0.140) nor VETC-pattern (P=0.065) of
the primary HCC predicted MVI of the recurrence.

Discussion

Currently, the best treatment for patients with HCC in
cirrhosis is OLT (1). Although still the standard for patient
selection in many regions, most experts agree that selected
patients with HCC exceeding the Milan criteria benefit as
much from OLT as those within the Milan criteria (2,4).
One reason for this discrepancy is that MVI is a much
stronger predictor of the tumor aggressiveness than the
tumor size or numbers (8,9). However, various attempts
have failed to predict MVI in the HCC, and just recently,
several prognostic models including various clinical,
histological as well as biological parameters have been
proposed in order to estimate the risk of MVI (9,15-19).

In this analysis, we found that recurrent HCC share
many of the biological features of the primary HCC.
Most importantly, early recurrences (<2 years) of an MVI-
negative HCC were always MVI-negative. Moreover, only
about half of recurrent HCC from MVI-positive tumors
revealed MVI.

In accordance with the literature, HCC within the Milan
criteria were significantly more often MVI-negative in the
primary specimen in our series, and a fair number of HCC
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Table 2 Patient/tumor characteristics of early recurrences

Characteristics Primary HCC HCC recurrence
Sex, female/male 4/18
Age, median [range], 64 [32-79]

years

Liver cirrhosis 14/22 (63.6%)

RO 20 (90.1%) 21 (95.5%)
Grading
1 4 2
2 15 16
3 2 3
4 1 -
None - 1*
VETC 7 (31.8%) 9 (40.9%)
Within Milan criteria 8 (36.4%) 16 (72.7%)
Max. diameter of HCC, 6.5 [4.0-26.0] 2.2 [0.8-7.0]
median [range], cm
Number of HCC, median 1[1-2] 1[1-5]
[range]
Microvascular invasion 11 (50.0%) 6 (27.3%)
HCC subtype
Trabecular 19 (86.4%) 19 (86.4%)
Clear cell 1(4.5%) 1(4.5%)
Steatohepatitic 0 0
Macrotrabecular 1 (4.5%) 1(4.5%)
Fibrolamellar 0 0
Mixed HCC/CCC 1(4.5%) 1(4.5%)

*, no grading available after TACE. CCC, cholangiocarcinoma;
HCC, hepatocellular carcinoma; VETC, vessels encapsulating
tumor clusters; TACE, transarterial chemoembolization.

exceeded the Milan criteria but did not reveal MVI (8,20).
These patients are currently excluded from OLT based on
imaging criteria, only, despite their favorable prognosis
according to their biological parameters.

The current concept in the literature distinguishes
early (<2 years) from late (>2 years) recurrences (1,12,21):
recurrences within 2 years are considered true recurrences
(metastases) while recurrences thereafter are considered
de novo HCC. The latter are supposed to develop
independently from a previous HCC and are mainly

© HepatoBiliary Surgery and Nutrition. All rights reserved.
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triggered by the underlying liver disease. However,
recurrences within 2 years from surgery may also be
de novo HCC due to the same stimulus in the diseased liver,
which would also explain the lower HCC recurrence rates
of patients with sustained virological response of hepatitis
C compared to non-responders (22). Thus, we separately
analyzed patients according to the timing of their tumor
recurrences: our results are in line with the literature, which
suggests a very similar tumor biology particularly in the
subgroup of patients with early recurrence compared to
the initial HCC, supporting the theory of true recurrences
rather than de novo HCC. Irrespective of the recurrence-
free period and the occurrence of MVI in either surgical
specimen, HCC morphology was comparable and HCC
subtype was congruent in the vast majority of patients
between the primary and recurrent HCC.

Our patient cohort has a predominance of viral hepatitis
as underlying liver disease. According to the general
population in the area of our center, a large proportion of
patients also had alcoholic liver disease. Considering the
high number of recurrences (>50%) after an apparently
curative LR, only 16% were amenable to a surgical therapy
again and were included into this analysis. Congruent
figures have been reported from Asia with a 17% rate of
local therapies for HCC recurrences (23). Expectedly, these
recurrences were smaller and (therefore) more likely to
meet the Milan criteria. Similarly, the Milan criteria of the
primary and recurrent HCC did not match in our cohort
despite concordance of many histological and biological
factors. This finding is presumably due to the successful
surveillance of patients after surgery for HCC, and some
of the recurrences have been detected early and might have
exhibited MVI with increasing size.

Although the Milan criteria were originally defined
from histological specimen, they are nowadays applied
by imaging analysis in the clinical routine (2). However, a
recent analysis demonstrated that the extent of many HCC
is still underestimated and that the prognosis is related to
the histological extent of the disease (24). In this analysis,
we also defined the size and distribution of the HCC on
the histological specimen, since imaging quality varied over
time and original images of several patients were unavailable
due to the long study period in some patients.

The VETC-pattern also revealed a significant
concordance in the primary and recurrent HCC in our
series, which adds further evidence that recurrences harbor
similar biological features to the primary HCC. This
histological feature also defines an aggressive subgroup of
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liver resection
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n=5 n=6
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Figure 2 MVI in the primary HCC predicts MVI in the early recurrent HCC. The flow diagram demonstrates the distribution of MVI in

the recurrent HCC in dependence of the MVI in the primary specimen. HCC, hepatocellular carcinoma; MVI, microvascular invasion.

HCC and may be even more relevant than MVI (13,25).
The VETC-pattern correlated well with the MVI status
of the primary but not the recurrent HCC in our series.
However, since only the MVI of the primary HCC
significantly predicted the MVI of early recurrences, MVI
still appears to be a stronger prognostic factor than VETC
in this particular clinical scenario. Since VETC on the other
hand may be assessed on tumor biopsies, this parameter
remains a promising prognostic factor and requires further
evaluation.

Due to the estimated time on the waiting list and organ
shortage in many regions, staged concepts of surgery prior
to OLT have been proposed in compensated cirrhosis in
order to avoid unnecessary OLT and save organs. In this
context, surgery may serve as “bridge to transplantation”
in two ways: “salvage OLT” may rescue recurrent HCC
or LR may be used as “resection selection” concept. In the
latter concept, OLT would be performed after resection
of the HCC but prior to tumor recurrence based on the
biological criteria of the pathological evaluation of a
complete surgical specimen (26). In a “resection selection”
concept, HCC outside the Milan-criteria might be offered
OLT prior to recurrence in the absence of MVI due to
the beneficial prognosis. OLT may even be beneficial for
early recurrences, if the primary HCC did not reveal MVI
irrespective of its Milan criteria based on our results, since
such a recurrence is very unlikely to contain MVI (26). In
reverse, patients with MVI-positive HCC would be excluded

© HepatoBiliary Surgery and Nutrition. All rights reserved.

from a “resection selection” concept irrespective of the tumor
extent due to the estimated recurrence rate (8). However,
nearly half of the patients with MVI in the primary HCC
did not show MVI in the recurrence in our series. Similarly,
about 50% of patients with singular MVI-positive HCC
(<5 cm), who were listed for OLT after resection remained
recurrence-free during the observation period in a series
of the Barcelona group (27). Although this recurrence rate
is higher than for patients inside the Milan criteria (2), a
categorical exclusion of MVI-positive HCC from salvage
transplantation concepts is not justified. Further parameters
are required to better select patients for the respective
treatment concepts always considering the general organ
shortage.

Due to the limited sample size of a highly selective
cohort of patients treated at a single center for HCC, results
of this analysis should be considered hypothesis generating
rather than as a proof of principle. These data should
trigger further research including a prospective validation
in larger (multicenter) sets of patients.

In conclusion, this analysis demonstrates that although
recurrences of HCC after LR share many biological
characteristics of their primary HCC early tumor recurrences
(<2 years) of MVI-negative HCC never revealed MVL
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