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Microvascular invasion in hepatocellular carcinoma

Emre Unal

i iq: ABSTRACT

”kay Sedakat Idilman Microvascular invasion is a crucial histopathologic prognostic factor for hepatocellular carcinoma.
Deniz Akata We reviewed the literature and aimed to draw attention to clinicopathologic and imaging findings

Mustafa Nasuh Ozmen that may predict the presence of microvascular invasion in hepatocellular carcinoma. Imaging find-
ings suggesting microvascular invasion are disruption of capsule, irregular tumor margin, peritu-

Mu§turay Ka rgaaltmca ba moral enhancement, multifocal tumor, increased tumor size, and increased glucose metabolism on
positron emission tomography-computed tomography. In the presence of typical findings, micro-
vascular invasion may be predicted.

epatocellular carcinoma (HCC) is responsible for high incidence of cancer-related

mortality worldwide (1, 2). Diagnosis of HCC is a well-known topic, and now it can

be made solely by imaging findings in cirrhosis (3, 4). Advances in imaging proce-
dures and intense follow-up of high-risk patients led to increased early detection of HCC
and better treatment options (5, 6). However, even in good surgical candidates, long-term
survival rates remain unsatisfactory because of high recurrence (7, 8). Presence of microvas-
cular invasion (MVI) has been reported to be one of the most important risk factors related
to postsurgery tumor recurrence (9-11). Presence of MVI alters the surgical procedure. MVI
is a prognostic factor associated with lower survival and higher recurrence rates. Prediction
of MVI may also affect locoregional treatments along with chemotherapy protocols. This
review will focus on all aspects of MVI.

The effect of microvascular invasion on survival

Early tumor recurrence is linked to increased mortality rate. Lim et al. (9) reported that
MVI is a more prominent tumor recurrence predictor than the Milan criteria for HCC after
surgical resection. The patients who fulfill the Milan criteria should have a solitary tumor
not exceeding 5 cm or three or fewer tumors with the largest not exceeding 3 cm, and no
evidence of macrovascular invasion or extrahepatic metastasis (5, 9). Lim et al. (9) concluded
that patients (without MVI) exceeding the Milan criteria could achieve comparable overall
survival rates after surgical resection, relative to patients within the Milan criteria. However,
overall survival decreased significantly with MVI, independently of the Milan criteria.

In a different study, authors grouped the patients into mild (one to five invaded vessels)
and severe (more than five invaded vessels) MVI groups (5). They found that the three-year
recurrence-free survival rates for patients with and without MVI were 27.7% and 62.5%, re-
spectively. They also reported that recurrence-free survival rates at two years for patients
without MVI, with mild MVI, and severe MVI were 75.9%, 47.2%, and 32.7%, respectively (5).
Goh et al. (12) studied patients who had surgical resection of multifocal HCC and revealed
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Figure 1. a-c. A 38-year-old man with hepatocellular carcinoma (HCC). The capsule of HCC (arrow) is seen as a hyperattenuating ring on axial contrast-
enhanced portal venous phase CT (a) and hyperintense ring on late arterial (b) and portal venous (c) phase gadolinium-enhanced MRI.

Figure 2. a-c. A 68-year-old woman with HCC and elevated liver enzymes. Axial contrast-enhanced CT images in arterial (a), portal venous (b) and delayed (c) phase
show the capsule of HCC is disrupted (white arrows) in the posterolateral side of the tumor. Tumor invasion adjacent to the disruption is also seen (black arrows).

oratory tests. In this part of the paper, each
characteristic finding that may be associat-
ed with MVI, will be discussed separately.

Capsule
A surrounding fibrous capsule may ac-
company HCC in 10%-70% of cases (13,

* Microvascular invasion (MVI) is an important
histopathologic prognostic factor in the
assessment of hepatocellular carcinoma.

* MVI may be predicted with typical imaging
findings such as capsular disruption, irregular
tumor margin, peritumoral enhancement,
multifocal tumor, increased tumor size, and
increased uptake on PET/CT.

* However, imaging findings cannot precisely
determine the presence of MVI in every case.
Moreover, needle core biopsy may also fail to
demonstrate MVI due to sampling errors.

14). On imaging, the capsule is seen as a
low-attenuating/hypointense ring on ar-
terial phase and high-attenuating/hyper-
intense ring on delayed phase images (13,
15) (Fig. 1). The microvessels in the capsule
are thought to be responsible for the late
enhancement because of slow flow (13, 15).

Lim et al. (13) revealed that the presence of
a capsule on computed tomography (CT) was
significantly correlated with histopathology
(P < 0.001) and disruption of the capsule seen
on CT was correlated with MVI (P < 0.001) (Fig.
2). They also reported that the presence of an
intact capsule on CT was closely correlated
with the absence of MVI (13). In a different
study authors reported that there was no
significant correlation between MVI and pres-
ence of radiologic capsule (16). On the other
hand, Adachi et al. (17) reported that a fibrous
capsule was a predictor of portal venous in-
vasion since cancer cells frequently invade
the vessels of the fibrous capsule. Witjes et al.
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(18) also reported that MVI was significantly
associated with the presence of a capsule.
However, the latter two studies did not clarify
the phase that was used for capsule assess-
ment. Capsule enhancement may occur on all
phases according to its vascularity; thus, early
enhancement of the capsule cannot be dis-
tinguished from peritumoral enhancement
(16). Similarly, Ariizumi et al. (19) reported that
there were no clinical or magnetic resonance
imaging (MRI) findings to predict MVI, except
for the radiologic capsule on dynamic studies
and nonsmooth tumor margin on axial hepa-
tobiliary phase (Fig. 3). For this reason, the
presence of capsule should be assessed on
delayed phase images; however, the correla-
tion between the capsule and the presence of
MVI remains unclear.

Tumor margin
The tumor margin may be either smooth

or not. Depending on the appearance of the
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Figure 3. a-d. A 52-year-old man with cirrhotic liver. Axial contrast-enhanced arterial (a), portal venous
(b), delayed (c), and hepatobiliary (d) phase Gd-BOPTA-enhanced MRI scans show a heterogeneous mass
that is histopathologically proven to be HCC. Capsule is best seen on the portal venous phase image (b,
arrows), whereas tumor margin is best visualized on hepatobiliary phase images (d, arrows). Capsular
disruption and irregular tumor margin are present (d, asterisks).

tumor margin, Chou et al. (20) concluded
that nonsmooth tumor margins, detected
on multiphasic CT, correlated with the histo-
pathologic presence and location of MVI. In
their study, three subtypes were defined as
follows: simple nodular type, simple nodular
type with extranodular growth, and conflu-
ent multinodular type (Fig. 4). They accept-
ed last two subtypes as nonsmooth tumor
margin and reported that nonsmooth tumor
margins had 81.7% sensitivity and 88.1%
specificity for predicting MVI. Nakashima
et al. (21) also reported that extranodular
growth and confluent multinodular type
in small HCC (<2 cm) had a higher frequen-
cy of portal vein invasion and intrahepatic
metastases than single nodular type. Latest
MRI protocols improved the visualization
of tumor margin particularly on hepatobi-

liary phase images (19). Ariizumi et al. (19)
reported that nonsmooth tumor margin in
the hepatobiliary phase of Gd-EOB-DTPA-en-
hanced MRI (Fig. 3) can be used as a preop-
erative predictor of MVI in patients with HCC
within the Milan criteria.

Peritumoral enhancement

It is known that peritumoral enhancement
may accompany most malignant, particularly
hypervascular, hepatic tumors and result in
tumor size overestimation (22). This incident
can be due to changes in the peritumoral
liver parenchyma caused by parenchymal
compression or portal venous obstruction by
malignant liver tumors, or it can be due to a
siphoning effect by hypervascular tumors (22).

Kim et al. (16) categorized the pattern
of peritumoral enhancement as wedge-

shaped and irregular circumferential en-
hancement (Figs. 5, 6). They reported that
wedge-shaped enhancement could be
due to nontumorous arterioportal shunts
rather than tumorous ones and it was not
a statistically significant risk factor for MVI;
on the other hand, irregular circumferential
peritumoral enhancement could be a pre-
operative predictor of MVI. The sensitivity,
specificity, positive predictive value, and
negative predictive value of irregular cir-
cumferential peritumoral enhancement in
the prediction of MVI were 74.3%, 82.9%,
81.3%, and 76.3%, respectively (16). The
crucial point in their study was obtaining
four arterial-phase MRI scans at the same
level. There was statistically significant cor-
relation between the peritumoral enhance-
ment and MVI on the third arterial phase (P
= 0.004). They argued that the ability of sin-
gle arterial phase image to evaluate peritu-
moral enhancement was inadequate com-
pared with multiarterial phase images and
suggested that peritumoral enhancement
could be estimated more accurately with a
multiarterial phase study (16). In a different
study, Chou et al. (20) reported that peritu-
moral enhancement on multiphasic CT was
not a significant risk factor for MVI. Howev-
er, this contradiction may be due to lower
contrast resolution of CT and single arterial
phase imaging. Nishie et al. (23) evaluated
the same topic from a different point of
view and reported that the area of peritu-
moral enhancement might be larger in the
MVI group, particularly in small HCCs (<3
cm) with positive and negative predictive
values of 71.4% and 75%, respectively (23).

Multifocality

It is crucial to reveal if multiple lesions
in the liver are multicentric tumors or me-
tastases from a main tumor (24). Moreover,
intrahepatic metastasis may be either due
to intravascular micrometastases (i.e., MVI)
or tumor satellite micronodules, which are
isolated tumor microfoci in the surround-
ing parenchyma (25) (Fig. 7). However, such
detailed differentiation is difficult to deter-
mine solely based on radiologic findings.

Chandarana et al. (26) reported that tu-
mor multifocality, as detected on both MRI
and pathologic examination, was the only
parameter that may predict MVI. Their re-
sults showed that the presence of three or
more tumors on MRI and four or more tu-
mors at pathologic examination had high
specificity (88.2% and 91.2%, respectively)
for the prediction of MVI (26). However,
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Figure 4. a-c. An 82-year-old woman with a lobulated hypervascular liver mass. Axial contrast-enhanced arterial (a), portal venous (b) and delayed (c)

phase Gd-BOPTA-enhanced MRI of HCC demonstrate a nonsmooth, multinodular tumor margin (arrows).

Figure 5. a, b. A 77-year-old man with HCC. Wedge-shaped peritumoral enhancement (arrows) is seen on
axial contrast-enhanced arterial phase CT (a) and portal venous phase Gd-BOPTA-enhanced MRI (b).

Figure 6. a, b. A 63-year-old man with chronic liver disease with HCC detection during follow-up.
Irregular peritumoral enhancement (arrows) is seen on both sides of HCC on axial arterial (a) and portal
venous (b) phase Gd-EOB-DTPA-enhanced MRI.

multifocality was not associated with MVl in
a recently published study (27).

The incidence of tumor multicentricity
increases with progression and duration of
chronic liver disease. Kubo et al. (24) eval-
uated clinicopathologic criteria for mul-
ticentric HCC and found that cumulative
survival rate was significantly higher in

multicentric HCC than in HCC with intra-
hepatic metastasis. Shi et al. (25) studied
the micrometastases of solitary HCC and
reported that the spread of the tumor satel-
lite micronodules ranged from 0.10 to 0.80
c¢m, whereas intravascular micrometastases
may range from 0.05 to 6.10 cm from the
main tumor. Therefore, differentiation of
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tumor multiplicity from intrahepatic metas-
tasis (i.e., MVI) is challenging by imaging.
This drawback explains the aforementioned
discrepancy in prediction of MVI by tumor
multifocality. Thus, tumor multifocality,
which is demonstrated solely by imaging,
is a questionable parameter for prediction
of MVI.

Tumor size

Due to increased peritumoral enhance-
ment, size measurement may be overes-
timated by imaging (22). Therefore, hepa-
tobiliary phase images should be used for
accurate results (16). Tumor size showed
statistically significant association with the
presence of MVI in several studies (16, 20,
27, 28). Significant tumor size cutoffs for
positive MVI were reported as >5 cm (P
= 0.001) in Ahn et al. (27); 5.6+4.3 cm vs.
2.7+1.7 cm (P < 0.001) in Chou et al. (20);
and =3cm (P = 0.0013) in Hirokawa et al.
(28). Chandarana et al. (26) found no signif-
icant correlation between tumor size and
microvascular invasion, but they empha-
sized that this contradiction might be due
to patient selection bias with a mean tumor
size of 2.1 cm (26).

Increased tumor metabolism - FDG
Fluorine-18 fluorodeoxyglucose positron
emission tomography (*®F-FDG PET) has a
low sensitivity for detecting well-differen-
tiated HCCs (29, 30). However, FDG accu-
mulation is correlated with tumor aggres-
siveness, and high accumulation of FDG is
associated with a worse prognosis (29, 30).
Kornberg et al. (31) reported that pre-
operative "®F-FDG uptake on PET was a re-
liable predictor of MVI with high positive
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Figure 7. a-c. A 73-year-old woman with chronic liver disease and ascites. Axial contrast-enhanced CT images in arterial (a), portal venous (b), and
delayed (c) phase show multifocal HCC (arrows).

Figure 8. a—c. A 55-year-old man with HCC and elevated liver enzymes. Axial contrast-enhanced CT images in arterial (a) and portal venous (b) phase show HCCiin
the right lobe of the liver (arrows). PET-CT image (c) shows 18F-FDG uptake (arrows) in the right lobe of the liver witha SUV__ value of 4.2.

and negative predictive values (87.5% and
88.5%, respectively). They also conclud-
ed that patients beyond the Milan criteria
and negative preoperative PET scans could
achieve a post-transplant three-year recur-
rence-free survival, which is comparable to
patients within the Milan criteria (31). How-
ever, lack of quantitative uptake measure-
ment was a limitation of their study (31). On
the other hand, Ahn et al. (27) reported that
the ratio of tumor maximum standardized
uptake values (SUV) to normal liver mean
SUV (T Lsvvmenn) ©F 1.2 Or more had a
statistically significant association with MVI
(P <0.001) (Fig. 8).

From a different point of view, Ochi et
al. (30) showed that SUV__ significantly
correlated with the distance of the micro-
satellite lesion (due to MVI) from the main
tumor. They concluded that the cutoff value

of SUV__ for microsatellite distance >1 cm
was 8.8, with a negative predictive value of
97.3% (30).

In the future, PET/MRI scanners will prob-
ably be the modality of choice for predict-
ing MVI, due to high contrast resolution and
the ability to measure the degree of meta-
bolic activity, which is associated with the

presence of MVI.

Tumor markers

As tumor markers, alpha-fetoprotein (AFP),
particularly AFP-L3 form, des-gamma-car-
boxy prothrombin (DCP), gamma-glutam-
yltransferase (GGT) and protein induced by
vitamin K absence or antagonist Il (PIVKA II)
are widely used for the detection of HCC (28,
32). However, recent studies focused on pre-
dicting MVI rather than detection of HCC, by
serum levels of tumor markers.

Hirokawa et al. (28) showed that PIVKA-II
(=150 mAU/mL) and positivity of AFP-L3 are
independent risk factors for MVI in solitary
HCC. AFP-L3 positivity and failure of AFP-L3
conversion to negativity or further eleva-
tion of AFP-L3 are associated with aggres-
sive tumor behavior and worse histologic
grade results in early tumor recurrence
(i.e, in MVI) (28, 33). In a different study,
DCP >100 mAU/mL was proposed as a re-
liable predictor for MVI even in small HCCs
(<2 cm), with a positive predictive value of
79.3% (34). They also reported that DCP was
more specific than AFP for MVI (34).

Fan et al. (35) proposed AFP level (>100
ug/L) as a predictor of MVI (P = 0.004) (35).
However, as a limitation of their study, they
did not analyze AFP glycoforms separately.
It is known that AFP-L3 form is not propor-
tional to AFP; thus, it can be used as an in-
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dependent and significant factor for diag-
nosis of HCC, and it is associated with tumor
aggressiveness (28, 32).

Shirabe et al. (36) designed a scoring sys-
tem using tumor size, serum DCP levels, and
values of SUV__ to predict MVI. They reported

max

that when the tumor size is 23.6 cm, SUV__
>4.2, and the serum DCP level 2101 mAU/mL,
MVI can be predicted precisely with a sensitiv-
ity of 100% and specificity of 90.9% (36).

Zhao et al. (37) studied preoperative pre-
dictors of MVI in multinodular HCC. They
determined serum AFP level >400 mg/L,
serum GGT level >130 U/L, total tumor di-
ameter >8 c¢cm, and tumor number >3 as
preoperative predictors of MVI in patients
with multinodular HCC.

Needle biopsy

HCCs are classified as well-differentiated,
moderately differentiated, poorly differen-
tiated, or undifferentiated according to the
Edmondson-Steiner grading system (38).
Studies showed that tumor grade is an in-
dependent predictor of MVI (16, 20). How-
ever, Pawlik et al. (39) demonstrated that
the needle core biopsy of HCC to determine
histologic grade was inaccurate due to het-
erogeneous tumor differentiation resulting
in sampling errors. Also, there is a risk for
needle-tract implantation as a complica-
tion of biopsy (40). In such cases, resection
of the needle tract should be performed
during curative surgery. Thus, needle core
biopsy is not an effective method to show
MVI before surgical treatment of HCC.

The effect of microvascular
invasion on treatment

Surgery

Surgical treatments in HCC include liver
transplantation, as well as anatomical and
limited liver resections. Liver transplanta-
tion is proposed as the gold standard treat-
ment option for early HCC, particularly in
cirrhotic patients (41). However, in practice,
transplantation promotes worse results
than resection due to lack of donors and
long waiting time (41). Thus, partial resec-
tion remains as a suitable option (42).

Partial liver resection can be performed
as limited resection with an acceptable
tumor-free margin (1 ¢cm or greater) or as
anatomical resection removing the portal
unit along with the tumor and at least one
Couinaud’s segment (42).

Resection of the cirrhotic liver may result
in postoperative hepatic failure, which is

linked to the degree of parenchymal loss.
Anatomic resection is more challenging be-
cause of its technical difficulties and wider
extent of parenchymal loss (42). Howev-
er, in cirrhotic yet good functioning livers
with a small HCC (<4 cm), anatomic resec-
tion results in better disease-free survival
rates than limited resection (5-8 year dis-
ease-free survival, 54%-45% vs. 35%-6%)
without increasing the postoperative risk
(42). Additionally, radiofrequency ablation
(RFA) achieved comparable three- and
five-year overall survival rates with surgical
resection in patients with very early stage
HCC (<2 cm), although surgery resulted in
better disease-free survival than RFA (43).
However, in a different study, anatomic
resection achieved better recurrence-free
survival rate in small HCC (<3 cm) accom-
panied by three or fewer nodules (44). They
also determined that success rate was more
prominent in nonboundary type HCC (sin-
gle nodular type with extranodular growth,
confluent multinodular type, and invasive
type) than in the boundary type (single
nodular type) (44). They also revealed that
the distance of micrometastases from the
main mass was significantly longer in the
nonboundary type (9.5 mm) than in the
boundary type (3.1 mm) (44). Anatomic
resection is more effective in nonbound-
ary type HCC, due to increased risk of MVI
and intrahepatic metastasis. In a recently
published study, anatomic resection had
significantly better overall and disease-free
survival rates than limited resection in soli-
tary small HCC (<5 cm) with MVI (35).

In a retrospective analysis of 1566 pa-
tients with liver transplantation for HCC
from 36 centers, MVI was the most signifi-
cant parameter associated with poor sur-
vival and tumor recurrence rate (45).

Locoregional treatment

Local treatments play a major role in the
management of HCC. RFA is the preferred
local thermal ablation therapy method for
HCC compared with ethanol and acetic acid
injection (46). Also, with the recent embol-
ic microspheres that release the chemo-
therapeutic agent in a controlled fashion,
transcatheter arterial chemoembolization
(TACE) was shown to significantly increase
safety and effectiveness, particularly for
multinodular and recurrent HCC (47).

Even small tumors (<3 c¢cm) may be ac-
companied with MVI and associated with
increased risk of local recurrence (28, 34, 48).
Nakashima et al. (21) and Ueno et al. (44)
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reported that the distance between the mi-
crometastasis and the main tumor was 10
mm or shorter in most of the patients. Thus,
it is crucial to ablate the main tumor with
an adequate surrounding liver tissue of 210
mm to prevent the recurrence and local con-
trol of MVI (28, 48). Local recurrence rate was
shown to be higher after RFA compared with
anatomic resection (49). However, in a re-
cently published review, authors concluded
that RFA should be preferred over resection
in small HCC (<2 cm) (50). Furthermore, in
a recently published meta-analysis, authors
concluded that in early HCCs (<5 cm; within
Milan criteria) there was no significant dif-
ference between RFA and hepatic resection
in overall survival, recurrence-free survival,
and in-hospital mortality. Nevertheless, RFA
group had higher recurrence, yet lower com-
plication rates and shorter hospitalization
period (51).

Jin et al. (52) compared the treatment
outcomes of TACE and surgery/RFA accord-
ing to the presence of MVI in patients with
recurrent HCC with a median tumor size of
1.5 cm (1-10 cm). They revealed that TACE
provided significantly better overall sur-
vival among early (€12 months) recurrent
MVI-positive patients than surgery/RFA af-
ter curative resection for HCC (52). Howev-
er, they suggested that a large-scale study is
needed to confirm the results of their study.

Chemotherapy

Patients with early HCC are treated by sur-
gical resection, locoregional treatment, or
both. In advanced HCC, treatment options
are limited due to tumor characteristics and
underlying cirrhosis. Thus, aforementioned
invasive methods remain inefficient in most
cases.

Sorafenib is an oral multikinase inhibitor
of the vascular endothelial growth factor
receptor and platelet-derived growth fac-
tor receptor (53-55). It inhibits tumor-cell
proliferation and tumor angiogenesis, and
thus, increases the rate of apoptosis in a
wide range of tumor models (55). In phase
3 randomized, double-blind, placebo-con-
trolled trials, patients with advanced HCC
(vascular invasion and extrahepatic spread)
treated with sorafenib had longer median
survival and time to progression than those
given placebo (53-55).

Conclusion

In this review, we highlighted the clini-
copathologic and imaging parameters that
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may predict the presence of MVIin HCC. Ra-
diologists and oncologists should be aware
of the importance of MVI and any signifi-
cant findings that may predict MVI.
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