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Purpose: To determine the accuracy of imaging features, such as tu-
mor dimension, multinodularity, nonsmooth tumor mar-
gins, peritumoral enhancement, and radiogenomic algo-
rithm based on the association between imaging features 
(internal arteries and hypoattenuating halos) and gene 
expression that the authors called two-trait predictor of 
venous invasion (TTPVI), in the prediction of microvas-
cular invasion (MVI) in hepatocellular carcinoma (HCC).

Materials and 
Methods:

This single-center retrospective study was approved by 
the institutional review board, and the requirement for 
informed consent was waived. One hundred twenty-five 
patients (median age, 63 years; interquartile range, 53–71 
years) with a diagnosis of HCC and indications for hepatic 
resection were included. Two observers independently re-
viewed radiologic images to evaluate the following features 
for MVI: maximum diameter, number of lesions, tumor 
margins, TTPVI, and peritumoral enhancement. Interob-
server agreement was checked, and diagnostic accuracy of 
radiologic features was investigated.

Results: The total number of HCC nodules was 140. Large tumor 
size, nonsmooth tumor margins, TTPVI, and peritumoral 
enhancement were significantly related to the presence of 
MVI (P , .05 in all cases and for both observers). Multi-
nodularity was not significantly related (P = .158). More-
over, the diagnostic accuracy of the three “worrisome” 
radiologic features (nonsmooth tumor margins, peritu-
moral enhancement, and TTPVI) was associated with tu-
mor size: The negative predictive value of the absence of 
worrisome features decreased from 0.84 for observer 1 
and 0.91 for observer 2 for tumors smaller than 2 cm to 
0.56 and 0.71, respectively, for tumors larger than 5 cm, 
whereas the presence of all three worrisome features re-
turned to a positive predictive value of 0.95 for observer 
1 and 0.96 for observer 2 independent of tumor size, with 
no significant interobserver differences (P . .10).

Conclusion: “Worrisome” imaging features, such as tumor dimension, 
nonsmooth tumor margins, peritumoral enhancement, 
and TTPVI, have high accuracy in the prediction of MVI 
in HCC.
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margins and peritumoral enhancement 
(18,19); and radiogenomic algorithm 
based on the association between im-
aging features (internal arteries and hy-
poattenuating halos) and gene expres-
sion that we called two-trait predictor 
of venous invasion (TTPVI) (20) have 
previously been suggested as predictors 
of MVI. However, to date, these criteria 
for a preoperative radiologic diagnosis 
of MVI in HCC have not been widely 
recognized (1,11).

The purpose of this study was to 
determine the accuracy of imaging fea-
tures, such as tumor dimension, multi-
nodularity, nonsmooth tumor margins, 
peritumoral enhancement, and TTPVI, 
in the prediction of MVI in HCC.

Materials and Methods

Patients and Methods
This single-center retrospective study, 
performed at our tertiary liver care 
center, was approved by the institu-
tional review board, and the require-
ment for informed consent was waived.

The surgical database was reviewed 
from January 2008 to December 2013 

tumor recurrence, respectively (6). 
However, in contrast to macrovascular 
invasion, MVI is difficult to detect with 
the preoperative imaging techniques 
recommended for HCC diagnosis and 
staging by the American Association 
for the Study of Liver Diseases (AAS-
LD) guidelines, such as computed to-
mography (CT) or magnetic resonance 
(MR) imaging (1,7,8). Moreover, the 
detection of MVI by using preoperative 
biopsy has proven unreliable because 
of the intratumoral heterogeneity that 
causes sampling error (9). MVI is di-
agnosed only after surgical treatments 
by means of histopathologic evalua-
tion. Therefore, owing to its late post-
operative diagnosis, MVI has limited 
usefulness in current clinical practice 
because HCC treatment decisions are 
usually based on clinical and imaging 
findings alone (1).

MVI is one of the most important 
predictors of early recurrence, the so-
called true recurrence, arising within 
the first 2 years after curative treat-
ments (4). After liver transplantation, 
MVI positivity shortens the disease-free 
survival at 3 years (relative risk, 3.41) 
and overall survival at 3 and 5 years 
(relative risk, 2.41 and 2.29, respec-
tively) and, also after hepatic resec-
tion, MVI positivity affects disease-free 
survival at 3 and 5 years (relative risk, 
1.82 and 1.51, respectively) (10).

A future preoperative prediction of 
MVI would allow appropriate patient 
selection for both liver transplantation 
and hepatic resection (11–16).

Tumor characteristics (dimension 
and multinodularity) (11,17); imaging 
features, such as nonsmooth tumor 
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Advances in Knowledge

nn Some “worrisome” imaging fea-
tures, such as large tumor size, 
nonsmooth tumor margins, peri-
tumoral enhancement, and radi-
ogenomic algorithm (based on 
the association between imaging 
features [internal arteries and 
hypoattenuating halos] and gene 
expression that we called two-
trait predictor of venous invasion 
[TTPVI]) were used to signifi-
cantly predict the presence of 
microvascular invasion (MVI) in 
hepatocellular carcinoma (HCC) 
(P , .05 in all cases and for both 
observers).

nn The identification of the three 
“worrisome” radiologic fea-
tures—nonsmooth tumor mar-
gins, peritumoral enhancement, 
and TTPVI—has a high positive 
predictive value (0.95 for ob-
server 1 and 0.96 for observer 2) 
in the prediction of MVI in HCC, 
independent of tumor size, with 
no significant difference between 
the areas under the receiver op-
erating characteristic curves of 
the two observers in the three 
size groups: P = .111 for tumors 
smaller than 2 cm, P = .176 for 
tumors 2–5 cm, and P = .368 for 
tumors larger than 5 cm.

Implication for Patient Care

nn The simultaneous nodule posi-
tivity with the three “worrisome” 
radiologic features (nonsmooth 
tumor margins, peritumoral en-
hancement, and TTPVI), regard-
less tumor size, might play an 
important role in the present and 
future management of HCC by 
allowing the identification of 
patients with MVI during the 
decision-making stage.

Hepatocellular carcinoma (HCC) 
represents a global health prob-
lem because it is the third leading 

cause of cancer-related deaths world-
wide, with an incidence-to-mortality ra-
tio close to 1.0 (1).

One of the greatest problems plagu-
ing the curative treatments of HCC is 
the unsatisfactory overall survival, due 
to the high rate of recurrence (2,3). 
Five-year HCC recurrence complicates 
25% of cases after liver transplanta-
tion and 70% of cases after hepatic 
resection (3,4).

Vascular invasion is repeatedly 
identified as a predictor of recurrence 
and poor overall survival (2,5). Mac-
rovascular invasion and microvascular 
invasion (MVI) of HCC are related to 
a 15- and 4.4-fold increased risk of 
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was the reference standard for MVI of 
HCC. All pathologic examinations were 
performed by a team of pathologists, 
each one with more than 10 years of 
experience in liver pathology. MVI was 
defined as a tumor within a vascular 
space lined by endothelium, which was 
visible only at microscopy (5). The 
MVI of tumor cells into the portal or 
hepatic venules and capillaries was 
pathologically examined by sampling 
the HCC tissue. For HCCs up to 5 cm, 
the entire tumor was examined. For 
larger tumors, more than 70% of the 
HCC border was sampled to include 
the regions suspicious for vascular in-
vasion at gross examination and was 
evaluated microscopically. The pres-
ence of cirrhosis was also evaluated in 
surgical specimens.

Statistical Analysis
Categorical variables are reported 
as the number of cases and percent-
ages, and differences between the 
subgroups were compared by using 
the Fisher exact test. The distribution 
of the continuous variables was first 
checked for normality by using the 
Kolmogorov-Smirnov test. Since a 
normal distribution could not be con-
firmed for most variables, continuous 
variables were reported as medians 
and interquartile ranges (except for 
patient age for descriptive purposes), 
and the differences between the sub-
groups were compared by using the 
Mann-Whitney test. Interobserver 
agreement was checked by using the 
Cohen k statistic; agreement was con-
sidered excellent if k was more than 
0.80, good if k ranged from 0.61 to 
0.80, moderate if k ranged from 0.41 
to 0.60, and poor if it was 0.40 or 
less. The diagnostic accuracy of the 
radiologic features was investigated 
by measuring the positive and nega-
tive predictive values, as well as the 
area under the receiver operating 
characteristic curve (AUROC). All 
the analyses were performed by us-
ing Stata software (StataCorp, Col-
lege Station, Tex). A P value less than 
.05 was considered to indicate a sta-
tistically significant difference in all 
analyses.

to evaluate the following features for 
MVI in each individual lesion: (a) A 
maximum diameter larger than 5 cm 
was noted (17). The precise dimen-
sions of all nodules were collected 
and classified into three size groups 
(,2 cm, 2–5 cm, and .5 cm). (b) The 
number of lesions was assessed (11). 
The number of HCCs identified dur-
ing radiologic assessment was classi-
fied into three main groups according 
to Vitale et al (24): single, oligonodu-
lar (two or three nodules), or multi-
nodular (more than three nodules). 
(c) We analyzed the tumor margins 
of all nodules to identify the nodules 
with smooth margins (defined as nod-
ular tumors in all imaging planes) and 
those with nonsmooth margins (de-
fined as nonnodular tumors in all im-
aging planes) (18,19). The nonsmooth 
margins, suggested as a predictor of 
MVI, were also categorized in the 
case of focal extranodular extension, 
crescent extranodular extension be-
yond the tumor capsule, multinodular 
confluence appearance, and focal in-
filtrative margin, respectively (Fig 1).  
(d) TTPVI was assessed (20) and 
consisted of the identification of two 
separate CT features (the presence of 
internal arteries and hypoattenuating 
halos) that can help predict MVI ac-
cording to the algorithm detailed in 
Figure 2, A. (e) Peritumoral enhance-
ment was defined as the existence of 
a detectable portion enhancing in the 
arterial phase, adjacent to the tumor 
border, later becoming isoattenuating 
on CT images or isointense on MR 
images as compared with the back-
ground liver parenchyma in the equi-
librium phase (Fig 3) (18,19).

Each individual nodule was eval-
uated on all sections by using differ-
ent planes (axial, coronal, and sag-
ittal) to assess maximum diameter, 
tumor margins, TTPVI, and peritumor-
al enhancement.

All data were collected in a shared 
database.

Histopathologic Analysis
At our hospital, the presence or absence 
of MVI is always described in postopera-
tive pathologic reports, which therefore 

to identify all patients who underwent 
hepatic resection for HCC at the Surgi-
cal Unit of the Department of Medical 
and Surgical Sciences–DIMEC of the 
Sant’Orsola-Malpighi University Hospi-
tal of Bologna, Bologna, Italy.

The patients that satisfied the 
following criteria were included in our 
study: (a) preoperative imaging (CT 
or MR imaging) was performed in our 
radiology unit, (b) an HCC imaging di-
agnosis was reached according to the 
AASLD guidelines until 2010 (21) and 
according to to their updated versions 
until 2013 (1,22), and (c) hepatic re-
section was indicated according to 
the criteria described in a previously 
published article (23). Patients with 
previous local-regional treatments or 
those who received treatment dur-
ing the period between CT or MR 
imaging and hepatic resection were  
excluded.

In the study period, 230 patients 
with HCC were submitted for surgery. 
Of these, 20 who received previous 
treatments, 75 who had preoperative 
imaging performed outside our ra-
diology unit, and 10 who had inade-
quate imaging studies were excluded, 
thus allowing the analysis in 125  
patients.

Our protocol requirements for 
contrast material–enhanced CT and 
MR imaging have met the criteria rec-
ommended by the AASLD guideline 
(21,22). The technical specifications of 
CT and MR imaging are explained in 
Appendix E1 (online).

Image Analysis
All CT and MR images were retrieved 
from our institutional picture archiv-
ing and communication system (Car-
estream PACS, version 1.1; Kodak, 
Rochester, NY).

The images were assessed by 
two radiologists with 5 (S.B.) and 14 
(M.R.) years of experience in hepatic 
imaging, who were aware that the pa-
tients had HCC but were blinded to 
all of the other information, includ-
ing clinical history, imaging report, 
and pathologic findings concerning 
MVI. The two observers indepen-
dently reviewed all radiologic images 
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margins were present in 55% of HCCs 
for observer 1 (77 of 140 nodules) 
and in 59.3% of HCCs for observer 2 
(83 of 140 nodules). A focal infiltra-
tive margin was the most frequently 
diagnosed feature in 25.7% of nod-
ules (36 of 140) for observer 1 and in 
26.4% of nodules (37 of 140) for ob-
server 2. TTPVI was present in 57.8% 
of nodules (81 of 140) for observer 1 
and in 57.1% of nodules (80 of 140) 

they were intraoperatively ablated. 
Thus, the total number of resected 
HCC lesions, for which both radiologic 
preoperative assessment and patho-
logic findings were available, was 140 
in 125 patients.

Imaging Features of MVI
Of the 140 HCCs, 114 nodules were 
diagnosed at CT and 26 at MR imaging 
(Table 2). Overall, nonsmooth tumor 

Results

The baseline characteristics of the study 
population are reported in Table 1.  
There were 144 tumors in 125 pa-
tients. Preoperative imaging in 117 
patients was accomplished with CT 
scanning and in 27 with MR imaging. 
Of the 144 tumors detected, four were 
multinodular HCC and were deemed 
not resectable at the time of surgery; 

Figure 1

Figure 1:  Axial CT images show a nonsmooth tumor margin, suggestive of MVI. A, Focal extranodular extension (arrow) in the delayed phase. B, Crescent extrano-
dular extension beyond the tumor capsule (arrows) in the delayed phase. C, Multinodular confluent appearance in the arterial phase (left) and in the delayed phase 
(right). D, Tumor with focal infiltrative margin (arrowheads) in the delayed phase.
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Figure 2

Figure 2:  TTPVI. A, The two-trait algorithm predictive of MVI, modified from Segal et al (20), is based on the imaging identification of two 
features: internal arteries assessed in the arterial phase and hypoattenuating halos at CT (or hypointense halos at MR imaging) evaluated in the 
portal venous or equilibrium phases. B–D, Axial CT images show the three possible combinations of these two imaging features. B, Homoge-
neously hyperattenuating tumor (arrow) is seen without appreciable internal arteries, suggestive of the absence of MVI. C, Tumor with internal 
arteries (arrowhead on the upper image) and continuous hypoattenuating halos (arrows on the lower image) is indicative of the absence of MVI. 
D, Tumor with internal arteries (arrowheads on the upper image) and noncontinuous hypoattenuating halos (lower image) is suggestive of MVI.

for observer 2. Peritumoral enhance-
ment was present in 47.1% of nod-
ules (66 of 140) for observer 1 and in 

41.4% of nodules (58 of 140) for ob-
server 2. Even if slightly different ob-
servations were reached, agreement 

between the two observers was more 
than 0.80 for all features considered  
(Table 2).
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decreased from 0.84 for observer 1 
and 0.91 for observer 2 for tumors 
smaller than 2 cm to 0.56 and 0.71, 
respectively, for tumors larger than 5 
cm, whereas the presence of all three 
radiologic features always returned to 
a positive predictive value above 0.90, 
independent of tumor size.

Considering all the 140 tumors, 
the AUROC of observer 2 was signifi-
cantly higher than that of observer 1 
(P = .015), but no significant difference 
was observed between the AUROCs 
of the two observers in the three size 
groups (P = .111 for tumors smaller 
than 2 cm, P = .176 for tumors 2–5 
cm, and P = 0.368 for tumors larger 
than 5 cm), because of the smaller 
sample size in the subgroups.

Discussion

In our study, we assessed the accuracy 
of different “worrisome” radiologic 
features in the prediction of MVI in a 
larger number of nodules than that in 
previous studies (11,17–20), with MVI 
identified in 64% of nodules (90 of 140) 
detected at pathologic examination. 
Our results demonstrated that non-
smooth tumor margins, peritumoral 
enhancement, TTPVI, and large tumor 
size were significantly related to MVI, 
with good interobserver agreement.

was not found to be significantly related 
to MVI (P = .158).

Accuracy Statistics for MVI Prediction
Overall, for observer 1, 52 of 140 
nodules (37.1%) had no “worrisome” 
radiologic features, 12 of 140 (8.6%) 
had one worrisome feature, 16 of 140 
(11.4%) had two worrisome features, 
and 60 of 140 (42.8%) had three wor-
risome features. The corresponding 
figures for observer 2 were as follows: 
45 of 140 nodules (32.1%), 22 of 
140 nodules (15.7%), 20 of 140 nod-
ules (14.3%), and 53 of 140 nodules 
(37.8%), respectively. The worrisome 
features were grouped into none (52 
and 45 nodules for observers 1 and 2, 
respectively), one or two (28 and 42 
nodules, respectively), and three (60 
and 53 nodules, respectively) for the 
accuracy statistics. AUROCs of each 
radiologic feature and the sum of fea-
tures are reported in Figure 4. As can 
be noted, the combination of the pres-
ence of nonsmooth tumor margins, 
TTPVI, and peritumoral enhancement 
returned higher AUROC values than 
did each single radiologic feature. 
The diagnostic accuracy of the “wor-
risome” radiologic features was found 
to be a function of tumor size (Table 
4). The negative predictive value of 
the absence of worrisome features 

Indicators of MVI
MVI was present at pathologic exam-
ination in 90 of 140 nodules (64.3%). 
As reported in Table 3, larger tumor 
size, the presence of nonsmooth tumor 
margins (Fig 1, B–E), TTPVI (Fig 2, 
B–D), and peritumoral enhancement 
(Fig 3) were significantly related to the 
presence of MVI. In particular, in the 
presence of nonsmooth tumor margins, 
the prevalence of MVI was 76.7% (69 
of 90 nodules) and 83.3% (75 of 90 
nodules) for observers 1 and 2, respec-
tively (P , .001 for both observers). In 
the presence of TTPVI, the prevalence 
of MVI was 81.1% (73 of 90 nodules) 
and 82.2% (74 of 90 nodules) for ob-
servers 1 and 2, respectively (P , .001 
for both). In the presence of peritu-
moral enhancement, the prevalence of 
MVI was 65.6% (59 of 90 nodules) and 
58.9% (53 of 90 nodules) for observers 
1 and 2, respectively (P , .001 for 
both). Of note, within the nonsmooth 
tumor margins, the focal infiltrative as-
pect was the radiologic pattern most 
closely associated with MVI (P , .001 
for both observers), whereas the pres-
ence of mixed features was not found to 
be associated with MVI (P = .259 and 
P = .421 for observers 1 and 2, respec-
tively). Even if a slightly higher preva-
lence of MVI was observed in the pres-
ence of multiple HCCs, multinodularity 

Figure 3

Figure 3:  Axial CT images show peritumoral enhancement. A, External portion enhancing in the arterial phase in the lateral aspect (arrows), B, appears isoattenuat-
ing when compared with the background parenchyma in the equilibrium phase.
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In our study, the presence of nons-
mooth tumor margins was highly predic-
tive of histologic MVI; among the differ-
ent types of nonsmooth tumor margins, 
the focal infiltrative aspect (Fig 1, D) 
was the radiologic pattern most closely 
associated with MVI (P , .001 for both 

Previously, “single nodule type with 
extranodular growth” and “confluent 
multinodular type” have been reported 
as important predictors of MVI patho-
logically and showed higher frequencies 
of vessel invasion than the “single nod-
ular type” (17).

Table 1

Baseline Characteristics of the Study 
Population

Variable Value

Age (y)* 63 (53–71)
  Mean (y)† 62.4 6 11.2
Male sex 101 (80.8)
  Age (y)* 61 (53–71)
  Mean age (y)† 61.9 6 10.5
Female sex 24 (19.2)
  Age (y)* 66 (59–75)
  Mean age (y)† 64.5 6 14.0
Hepatitis C infection 78 (62.4)
Hepatitis B infection 22 (17.6)
Other disease origins 29 (23.2)
Total bilirubin level (mg/dL) 0.75 (0.58–0.95)
Serum albumin level (g/dL) 4.0 (3.5–4.3)
Serum creatinine  

  level (mg/dL)
0.83 (0.75–0.96)

International normalized  
  ratio

1.14 (1.08–1.22)

Platelet count (3103/mL) 133 (94–184)
Model for End-Stage Liver  

  Disease score
8 (8–9)

Child–Pugh class
  Class 5 90 (72.0)
  Class 6 27 (21.6)
  Class 7 8 (6.4)
Presence of cirrhosis 87 (69.6)
Maximum diameter of  

  largest tumor (cm)
3.3 (1.8–5.2)

Largest diameter . 5 cm 42 (30.0)
No. of tumors
  Solitary tumor 113 (90.4)
  Two tumors 10 (8.0)
  Three tumors 1 (0.8)
  Four tumors 1 (0.8)
Extension of hepatectomy
  Single or multiple  

  wedges
69 (55.2)

  Segmentectomy 26 (20.8)
  Bisegmentectomy 7 (5.6)
  Major hepatectomy 23 (18.4)

Note.—Unless indicated otherwise, data are number of 
patients, with percentages in parentheses. The total 
number of patients was 125. The total number of tumors 
was 140; of these, 114 were investigated with CT and 
26 with MR imaging. To convert milligrams per deciliter 
to micromoles per liter for total bilirubin level, multiply 
by 17.104. To convert milligrams per deciliter to 
micromoles per liter for serum creatinine level, multiply 
by 88.4. To convert 3103/mL to 3109/L, multiply by 1.0.

* Data are continuous variables, reported as medians 
with interquartile ranges in parentheses (25th–75th 
percentiles).
† Data are means 6 standard deviations.

Table 2

Radiologic Features of 140 HCCs and Agreement between Observers

Parameter Observer 1 Observer 2
Cohen Agreement  
(k values)

All HCCs (140 lesions)
  Maximum tumor diameter (mm)* 33 (18–52) 33 (18–52) …
  Nonsmooth tumor margin 0.825
    Yes 77 83
    No 63 57
    Focal extranodular extension 10 (7.1) 15 (10.7) 0.694
    Crescent extranodular extension beyond the  

    tumor capsule
12 (8.6) 10 (7.1) 0.803

    Multinodular confluence appearance 11 (7.8) 14 (10.0) 0.868
    Focal infiltrative margins 36 (25.7) 37 (26.4) 0.907
    Mixed features 8 (5.7) 7 (5.0) 0.789
  TTPVI 0.898
    Present 81 80
    Absent 59 60
  Irregular circumferential peritumoral enhancement 0.885
    Present 66 58
    Absent 74 82
CT examination (114 nodules)
  Maximum tumor diameter (mm)* 34 (20–53) 34 (20–53) …
  Nonsmooth tumor margin 0.813
    Yes 68 76
    No 46 38
  TTPVI 0.905
    Present 74 71
    Absent 40 43
  Irregular circumferential peritumoral enhancement 0.895
    Present 59 53
    Absent 55 61
MR imaging (26 nodules)
  Maximum tumor diameter (mm)* 22 (14–43) 22 (14–43) …
  Nonsmooth tumor margin 0.821
    Yes 9 7
    No 17 19
  TTPVI 0.821
    Present 7 9
    Absent 19 17
  Irregular circumferential peritumoral enhancement 0.785
    Present 7 5
    Absent 19 21

Note.—Unless indicated otherwise, data are number of tumors, with percentages in parentheses. Interobserver agreement was 
considered excellent if k was more than 0.80, good if k ranged from 0.61 to 0.80, moderate if k ranged from 0.41 to 0.60, and 
poor if k was 0.40 or less. MVI was observed in 90 of 140 HCCs (64.3%).

* Data are continuous variables, reported as medians with interquartile ranges in parentheses (25th–75th percentiles).
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Figure 4

Figure 4:  AUROCs of each radiologic feature and of the sum of features for, A, observer 1 and, B, observer 2. The 95% confidence intervals for each AUROC are 
reported in parentheses. For observer 1, the AUROC of the sum of features was significantly higher than the sole presence of nonsmooth tumor margins and the 
presence of irregular peritumoral enhancement (P = .026 and P = .001, respectively), whereas the magnitude of the difference with TTPVI was not significant  
(P = .190). For observer 2, the AUROC of the sum of features was significantly higher than that for the three single radiologic features: nonsmooth tumor margins,  
P = .012; presence of irregular peritumoral enhancement, P = .001; and TTPVI, P = .032.

Table 3

Radiologic Features of HCC and Relationship with MVI

Parameter MVI Absent (n = 50) MVI Present (n = 90) P Value

General tumor features
  Largest diameter (mm)* 19 (14–35) 41 (24–57) ,.001
    ,2 cm 25/37 (67.6) 12/37 (32.4)
    2–5 cm 18/62 (29.0) 44/62 (71.0)
    .5 cm 7/41 (17.1) 34/41 (82.9)
Presence of multiple nodules 1 (2.0) 8 (8.9) .158
Observer 1
  Nonsmooth tumor margin 8 (16.0) 69 (76.7) ,.001
    Focal extranodular extension 1 (2.0) 9 (10.0) .096
    Extension beyond the tumor capsule 1 (2.0) 11 (12.2) .056
    Multinodular confluence appearance 1 (2.0) 10 (11.1) .097
    Focal infiltrative margins 4 (8.0) 32 (35.6) ,.001
    Mixed features 1 (2.0) 7 (7.8) .259
  TTPVI present 8 (16.0) 73 (81.1) ,.001
  Irregular peritumoral enhancement present 7 (14.0) 59 (65.6) ,.001
Observer 2
  Nonsmooth tumor margin 8 (16.0) 75 (83.3) ,.001
    Focal extranodular extension 2 (4.0) 13 (14.4) .085
    Extension beyond the tumor capsule 0 (0.0) 10 (11.1) .014
    Multinodular confluence appearance 1 (2.0) 13 (14.4) .019
    Focal infiltrative margins 4 (8.0) 33 (36.7) ,.001
    Mixed features 1 (2.0) 6 (6.7) .421
  TTPVI present 6 (12.0) 74 (82.2) ,.001
  Irregular peritumoral enhancement present 5 (10.0) 53 (58.9) ,.001

Note.—Unless indicated otherwise, data are number of tumors, with percentages in parentheses. Categorical variables were 
compared by using the Fisher exact test.

* Data are continuous variables, reported as medians with interquartile ranges in parentheses (25th–75th percentiles), and were 
compared by using the Mann-Whitney test.

observers). This figure was similar to 
what had previously been reported by 
Chou et al (18,19) in which MVI most 

frequently occurred at the site of ex-
tranodular extension, which was cat-
egorized differently by those authors 

into the focal or multifocal outgrowth of 
nodules protruding into the nontumor 
parenchyma, without mention of the in-
filtrative type. We hypothesize that MVI 
might occur when tumor margins are 
invaded, regardless of the infiltrative 
or extranodular growth outlines assess-
able with imaging.

Peritumoral enhancement was an 
additional significant marker of his-
tologic MVI (P , .001), in good 
agreement with the results of previous 
studies (6,25,26). This probably re-
lates to the known hypothesis of he-
modynamic perfusion changes existing 
in compensatory arterial hyperperfu-
sion, which can occur in the area of 
decreased portal flow because of the 
minute portal branch occlusion caused 
by tumor thrombi, assuming that the 
draining veins of encapsulated HCCs 
are usually portal venules (27). Kim et 
al (25) have described the same pat-
tern detected at gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic 
acid MR imaging, including hepatobili-
ary phase images, as a risk factor for 
MVI. Miyata et al (6), using CT hepatic 
arteriography, have demonstrated that 
the distortion of the coronal enhance-
ment and the tumor arterioportal 
shunt could be significant predictors of 
portal vein tumor invasion, and Nishie 
et al (26) have proven that the size of 
peritumoral enhancement was a sig-
nificant risk factor for MVI detected 
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Large tumor size has historically 
been considered one of the most re-
liable predictors of MVI in HCC (28–
30). However, there are conflicting 
data regarding the usefulness of tumor 
size alone in predicting MVI in HCC. 
An HCC up to 2 cm has low-grade 
malignancy on the basis of the so-
called stepwise progression hypothesis 
(28,31), but cases of HCC up to 2 cm 
have been described with MVI and a 
poor prognosis on the basis of the al-
ternative hypothesis of de novo devel-
opment (32). Furthermore, patients 
with an HCC larger than 10 cm with-
out MVI have been reported to have 
a prognosis similar to those with an 
HCC smaller than 5 cm without MVI 
after hepatic resection (33).

In our study, large tumor size was 
significantly related to more frequent 
MVI, which is different from what was 
reported by Chandarana et al (11). This 
is probably due to selection bias; nearly 
all the patients with HCC in that study 
met the Milan criteria, with a mean tu-
mor size of 2.3 cm (range, 0.5–6.1 cm) 
(11), whereas we enrolled patients who 
had undergone hepatic resection with 
larger tumors (30% of cases had an 
HCC . 5 cm).

Because of these conflicting data 
regarding the usefulness of tumor size 
alone in predicting MVI, in our study, 
we evaluated the diagnostic accuracy 
of nonsmooth tumor margins, peri-
tumoral enhancement, and TTPVI in 
predicting MVI alone and in combina-
tion in three nodule dimension groups: 
smaller than 2 cm, 2–5 cm, and larger 
than 5 cm. It was noted that our im-
aging parameters were a function of 
tumor size in predicting MVI—that is, 
the negative predictive value of the ab-
sence of radiologic features decreased 
with increasing nodule size, meaning 
that these features can be more useful 
in smaller nodules, whereas for large 
tumors, size had a greater weight in 
predicting MVI. However, we observed 
that the presence of the three “worri-
some” radiologic features had a positive 
predictive value (above 0.90) indepen-
dent of tumor size, with no significant 
interobserver differences. This last fig-
ure, the simultaneous presence of the 

has not been not externally validated 
prior to our study, in which we tested 
TTPVI in a larger population, studied 
with both CT and MR imaging; our 
data confirmed a strong association 
of these imaging features with MVI 
(P , .001 for both observers), having 
the same diagnostic accuracy for CT 
and MR imaging investigations. More-
over, for observer 1, TTPVI showed 
the highest prevalence among HCCs 
with MVI as compared with the other 
“worrisome” radiologic features. This 
triple association between TTPVI, 
MVI, and the molecular profile may 
enable the use of imaging to recon-
struct the global gene expression pro-
grams of HCC in the future, thereby 
creating a noninvasive molecular por-
trait of the tumor and instituting per-
sonalized targeted therapies.

at CT hepatic arteriography and CT 
arterioportography. All these authors 
used imaging techniques not com-
monly used in Western countries and 
not included in the AASLD guidelines 
(1). Our data suggest that it is possible 
to assess peritumoral enhancement by 
using noninvasive techniques, such as 
CT or dynamic MR imaging, which are 
recommended for HCC diagnosis (1).

Specific imaging features on CT 
images that are highly predictive for 
MVI were previously identified by Segal 
et al (20), who called TTPVI “internal 
arteries” and “hypodense halos.” These 
are systematically and univocally cor-
related to a specific HCC molecular 
profile, derived from a venous invasion 
gene profile associated with angiogen-
esis, cellular proliferation, and matrix 
invasion (20). To our knowledge, TTPVI 

Table 4

Accuracy of Radiologic Features of HCC in Relationship to Presence of MVI

Tumor Sizes and No. of  
“Worrisome” Radiologic  
Features

Observer 1 Observer 2

No. of Nodules Predictive Values No. of Nodules Predictive Values

All tumors
  Zero features (NPV) 52 0.71 (0.59, 0.83) 45 0.82 (0.71, 0.93)
  One feature (PPV) 12 0.50 (0.22, 0.78) 22 0.59 (0.39, 0.80)
  Two features (PPV) 16 0.75 (0.54, 0.96) 20 0.90 (0.77, 1.00)
  Three features (PPV) 60 0.95 (0.89, 1.00) 53 0.96 (0.91, 1.00)
  AUROC 140 0.85 (0.78, 0.92) 140 0.90 (0.84, 0.95)
Tumors , 2 cm
  Zero features (NPV) 25 0.84 (0.69, 0.98) 23 0.91 (0.79, 1.00)
  One feature (PPV) 5 0.40 (0.00, 0.83) 7 0.43 (0.06, 0.80)
  Two features (PPV) 3 0.67 (0.13, 1.00) 3 1.00 (NC)
  Three features (PPV) 4 1.00 (NC) 4 1.00 (NC)
  AUROC 37 0.78 (0.62, 0.94) 37 0.86 (0.73, 0.99)
Tumors 2–5 cm
  Zero features (NPV) 18 0.61 (0.39, 0.84) 15 0.73 (0.50, 0.96)
  One feature (PPV) 5 0.60 (0.17, 1.00) 11 0.64 (0.35, 0.92)
  Two features (PPV) 9 0.67 (0.36, 0.97) 10 0.80 (0.55, 1.00)
  Three features (PPV) 30 0.93 (0.84, 1.00) 26 0.96 (0.89, 1.00)
  AUROC 62 0.80 (0.69, 0.91) 62 0.87 (0.74, 0.94)
Tumors . 5 cm
  Zero features (NPV) 9 0.56 (0.23, 0.88) 7 0.71 (0.38, 1.00)
  One feature (PPV) 2 0.50 (0.19, 1.00) 4 0.75 (0.32, 1.00)
  Two features (PPV) 4 1.00 (NC) 7 1.00 (NC)
  Three features (PPV) 26 0.96 (0.88, 1.00) 23 0.96 (0.87, 1.00)
  AUROC 41 0.84 (0.67, 1.00) 41 0.88 (0.67, 1.00)

Note.—Numbers in parentheses are 95% confidence intervals. NC = not computable, NPV = negative predictive value, PPV = 
positive predictive value.
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