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Objective: To evaluate the association between the
liver imaging reporting and data system (LI-RADS) cate-
gories and features and the fractional allelic imbalance
(FAI) rate index of hepatocellular carcinoma (HCC).
Methods: The institutional review board approved this
retrospective study. Medical records collected between
January 2008 and December 2013 were reviewed to find
patients with histologically confirmed HCC, FAI analysis,
and CT or MR imaging of the liver. The final population
included 71 patients (54 males, 17 females). Three radi-
ologists reviewed the images using the LI-RADS v. 2014.
The association between FAIl and LI-RADS categories
and features was tested using the Spearman’s rank
correlation coefficient (rho) and the Wilcoxon rank-sum
test [low FAIl (<40%) vs high FAI (40%)]. A p value
< 0.007 was used as the threshold for statistical signifi-
cance after application of the Bonferroni correction for
multiple comparisons.

INTRODUCTION

In the era of personalized medicine, radiogenomic anal-
ysis, i.e. the relationship between the imaging features and
the genetic expression of a disease, may provide new and
tailored management for oncology patients.! Although
hepatocellular carcinoma (HCC) represents a major health
care issue in the United Sates,” radiogenomic analysis of
this tumor has been limited.*®

Fractional allelic imbalance (FAI) rate index is a molec-
ular marker shown to provide excellent prognostic infor-
mation on the risk of tumor recurrence in patients with

Results: HCCs were classified as LR-3 (n = 4), LR-4
(n=22),and LR-5 (n = 45). There was a positive correlation
(rho = 0.264) between FAI rate index and LI-RADS cate-
gory, although not statistically significant after Bonfer-
roni correction (p = 0.024). 14 of the 20 (70%) HCCs with
high FAI (40%) were categorized as LR-5, 6/20 (30%)
as LR-4 and none as LR-3 (p = 0.377). Among the evalu-
ated LI-RADS imaging features, only lesion size showed a
statistically significant different distribution in tumors with
high FAI compared to those with low FAI. HCCs with FAI
>40% were larger (56 + 42 mm) compared to those with
FAI <40% (36 + 30 mm; p = 0.005).

Conclusion: There was a positive correlation, although
not statistically significant, between the LI-RADS diag-
nostic categories and the FAI rate of HCC. Tumors with
high FAI were larger compared to those with low FAL.
Advances in knowledge: HCCs with high (=40%) FAI are
larger compared to those with low (<40%) FAI.

HCC undergoing liver transplantation.”'* Nevertheless,
routine utilization of FAI analysis has been limited thus
far since it needs tumor tissue and, therefore, requires an
invasive procedure such as a percutaneous needle biopsy.
Consequently, there is an unmet need to establish imaging
features associated with FAI rate either to provide a non-in-
vasive alternative or to better select patients who would still
need biopsy.

Contrast-enhanced CT and MR imaging studies are
commonly performed in cirrhotic patients to diagnose HCC
and to assess patients’ eligibility for liver transplantation.
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The liver imaging reporting and data system (LI-RADS) is a
lexicon and algorithm endorsed by the American College of
Radiology aimed at standardizing the interpretation of liver
lesions in patients at risk for HCC.'"!? This system groups liver
observations into five categories of risk using an algorithm, and
major and ancillary imaging features as follows: LR-1, definitely
benign; LR-2, probably benign; LR-3, intermediate probability of
malignancy; LR-4, probably HCC; LR-5, definitely HCC. To our
knowledge no study has been performed to investigate the asso-
ciation between the genetic expression of HCC and the LI-RADS
diagnostic categories and features.

The purpose of this study was to evaluate the association between
the FAI rate index of HCC and the LI-RADS categories and
features.

METHODS AND MATERIALS
The institutional review board approved this retrospective,
HIPAA-compliant study with waiver of informed consent.

Population

The medical record archive was interrogated to identify patients
in the time interval between January 2008 and December
2013 meeting the following inclusion criteria: (1) at least one
HCC proven at pathology; (2) available FAI rate of HCC in
the pathology report; (3) available liver contrast-enhanced CT
or MRI performed at our institution within 6 months of the
pathology event date. Among the 122 available patients matching
the inclusion criteria, 51 subjects were excluded because of (1)
loco-regional treatment (e.g. transarterial chemoembolization;
radiofrequency ablation) performed before imaging (n = 24); (2)
lack of arterial phase imaging (n = 15); (3) radiology-pathology
correlation not possible (i.e. multiple lesions with location not
detailed on the pathology report or no lesion visible on imaging)
(n = 12). The final study population consisted of 71 patients
(54 males, 17 females; mean age 60 years; age range, 45-84 years)
(Table 1).

Fractional allelic imbalance rate index

For each HCC, the FAI rate was determined as previously
described (7-9). This rate is defined as the number of micro-
satellite markers (DNA loci) showing loss of heterozygosity
(i.e. allelic imbalance) divided by the total number of informative
markers expressed by the tumor. The nine informative microsat-
ellite markers considered for the calculation of FAI rate index are
associated with tumor-suppressor genes and were selected based
on their significant correlation with recurrence-free survival.®

CT and MR imaging technique

40 (56%) patients underwent multidetector contrast-enhanced
abdominal CT. Images were acquired before and after the intra-
venous injection of 100-125 ml of Optiray® 350 (ioversol —
Guerbet, Villepinte, France) or Isovue® 370 (iopamidol—Bracco
Diagnostics, Princeton, NJ) at a rate of 4-5 ml s™' by using a
mechanical power injector. Post-contrast images were acquired
during the arterial and portal venous phase. 31 (44%) subjects
underwent contrast-enhanced MR. The MR imaging protocols
consisted of the following sequences: pre-contrast T; weighted
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Table 1. Characteristics of the final population
Characteristics Total (n=71)
Age in years—mean (SD) 60 (9)
Gender
Male 54 (76%)
Female 17 (24%)
Etiology of liver disease
Hepatitis C 34 (48%)
Hepatitis B 3 (4%)
Alcohol 7 (10%)
Non-alcoholic fatty liver disease 2 (3%)
Primary sclerosing cholangitis 1 (1%)
Multiple 5(7%)
Unknown 19 (27%)
Procedure for pathological confirmation
Biopsy 10 (14%)
Resection 36 (51%)
Explant 25 (35%)

dual-echo gradient-recalled-echo; axial T, weighted single-
shot fast-spin echo; axial T, weighted fast-spin echo with fat
saturation; axial diffusion-weighted imaging (b-values = 0 and
500 s mm % performed in 13 cases); axial 3D GRE before and
after the injection of contrast as part of the multiphasic dynamic
study. In 23 patients, the contrast injected was Gadoxetate diso-
dium (Eovist®, Bayer Healthcare Pharmaceuticals, Whippany,
NJ), whereas 8 subjects were injected with Gadobenate dime-
glumine (Multihance®; Bracco Diagnostics, Princeton, NJ).
Post-contrast MR images were acquired during the arterial,
portal venous, and delayed phase. A hepatobiliary phase was
available in 23 cases which was obtained 20-30 min after injec-
tion of Gadoxetate disodium.

Image analysis

For each imaging study, an index lesion was identified for eval-
uation. When there were multiple lesions (n = 14), the HCC
showing the highest FAI was considered for analysis. An inves-
tigator compared the pathology reports with the images and
marked the location of the lesion for the readers.

Three board-certified and fellowship-trained abdominal radiolo-
gists (each with more than 3 years of experience in liver imaging),
blinded to the results of the genetic analysis, independently
reviewed the CT and MR imaging studies and assigned each
lesion to a LI-RADS diagnostic category using the algorithm
and the whole set of major and ancillary features per LI-RADS
v.2014." Tumor size was measured as the largest diameter on the
axial images better showing the margins of the lesion and pref-
erably on the post-contrast images acquired during the portal
venous or delayed phase. Any disagreement among readers was
resolved by consensus.
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Statistical analysis

FAI rate is a continuous variable that is expressed as a percentage
(0-100%). The association between LI-RADS categories, imaging
features and FAI rate was initially tested calculating the Spear-
man’s rank correlation coeflicient (rho). The following LI-RADS
features were included in the analysis: size, arterial phase hype-
renhancement, washout appearance, capsule appearance, pres-
ence of tumor-in-vein and mosaic architecture. Preference was
given to those features recordable on both CT and MR images.
We did not include growth (threshold and subthreshold) because
a prior study was available only in 38 cases. We did not include
the following features because of the less frequent recorded pres-
ence: corona enhancement; nodule-in-nodule; intralesional fat;
lesion fat sparing; lesion iron sparing; blood products; undis-
torted vessels; parallels blood pool enhancement.

The 71 lesions included in the final population were then
grouped into those with FAI < 40% (low FAI) and those with
FAI > 40% (high FAI). The threshold is based on the prior liter-
ature demonstrating a significant increase in the risk of recur-
rence post-liver transplantation in patients with HCC showing
FAI > 40%.” A two-sided Wilcoxon rank-sum test was used to
determine whether for each imaging feature listed above there
was a significant difference in the distribution between tumors
with low and high FAI For lesion size, a receiver operating char-
acteristic curve (ROC) and associated area-under-the-curve
(AUC) were computed to obtain cut-off values for identification
of tumors with FAI > 40%, along with relative sensitivity, speci-
ficity, positive predictive value, and negative predictive value.

A p value < 0.007 was used as the threshold for statistical signifi-
cance after application of the Bonferroni correction for multiple
comparisons (0.05/7). The statistical analysis was performed on
Matlab (Matlab 2016b, Mathworks, Natick, MA) and on MedCalc
for Windows, v. 17.1 (MedCalc Software, Ostend, Belgium).

RESULTS

Our final population included 71 patients, 57 (80%) with a single
HCC and 14 (20%) with multiple lesions. The median interval
time from imaging to pathologic confirmation of HCC was
36 days (range, 1-173 days). The FAI rate of the index lesion
ranged from 0 to 67% (mean 30%, SD 17%). Of the 71 lesions
analyzed, 51 (72%) had FAI <40% (low FAI) and 20 (28%) had
FAI >40% (high FAI).

The readers assigned the lesions to the following diagnostic cate-
gories: n = 4 (6%), LR-3 (indeterminate probability of HCC);
n=22(31%), LR-4 (probably HCC); n =45 (63%), LR-5 (definitely
HCC). There was a positive correlation (rho = 0.264) between
FAI rate index and LI-RADS category, although not statistically
significant after Bonferroni correction (p = 0.024) (Figure 1 and
Table 2). 14 of the 20 (70%) HCCs with high FAI (>40%) were
categorized as LR-5, 6/20 (30%) as LR-4 and none as LR-3
(p =0.377) (Table 3).

HCCs with high FAI were significantly larger than those with
low FAI (56 + 42 mm vs 36 + 30 mm; p = 0.005) (Figure 2 and
Table 3). The AUC of lesion size to discriminate between tumors
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Figure 1. Box-and-whisker plot showing the distribution of
FAIl rate according to LI-RADS diagnostic category. LR-3 =
intermediate probability of HCC; LR-4 = probably HCC; LR-5
= definitely HCC. FAI, fractional allelic imbalance; HCC, hepa-
tocellular carcinoma.

60

FAl rate (%)
3

=

LR-3 LR-4 LR-5

with FAI < 40% and FAI > 40% was 0.72 (95% confidence interval:
0.58-0.81). The cut-off values for lesion size obtained from the
ROC curve are shown in Table 4. After Bonferroni correction, no
statistically significant association was found between the other
LI-RADS features and the FAI rate (Table 2), and no significant
difference in distribution of those features in tumors with low
and high FAI was observed (Table 3). Representative examples of
lesions with low and high FAT are illustrated in Figures 3 and 4.

DISCUSSION

LI-RADS represents an important step towards standardizing the
interpretation of CT and MR imaging studies in patients at risk
for HCC. The system assigns each liver observation to a category
of malignancy risk based on a combination of major and minor
imaging features.'"'* Although multiple studies have reported
on the diagnostic accuracy and interobserver agreement of this
system,'*!” to the best of our knowledge, ours is the first radiog-
enomic analysis of HCC using LI-RADS categories and features.
We noticed a positive, although not statistically significant,
correlation between the LI-RADS diagnostic categories and the
FAI rate index (rho = 0.264; p = 0.026). Tumors with high (>40%)

Table 2. Correlation between FAI rate and LI-RADS diagnostic
category and features

Rho p-value

LI-RADS diagnostic category 0.264 0.026
LI-RADS imaging features

Size 0.268 0.024
Arterial phase hyperenhancement -0.041 0.732
Washout appearance 0.236 0.047
Capsule appearance 0.060 0.618
Mosaic architecture 0.217 0.068
Tumor in vein 0.098 0.443

FAI, fractional allelic imbalance; LI-RADS, liver imaging reporting and
data system.
Spearman’s rank correlation coefficient (rho) and associated p-value.
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Table 3. Distribution of LI-RADS categories and imaging
features in HCC with low (<40%) and high (240%) FAI

FAI < 40% FAI > 40% p-value

(n=51) (n=20)
LI-RADS diagnostic category
LR-3 4(8%) 0(0%) 0.377
LR-4 16 (31%) 6(30%)
LR-5 31 (61%) 14 (70%)
LI-RADS imaging features
Size (mm) mean * 36130 56+42 0.005
standard deviation
Arterial phase 0.262
hyperenhancement
Present 44 (86%) 15 (75%)
Absent 7 (14%) 5 (25%)
Washout appearance 0.429
Present 36 (71%) 16 (80%)
Absent 15 (29%) 4(20%)
Capsule appearance 0.390
Present 21 (41%) 6 (30%)
Absent 30 (59%) 14 (70%)
Mosaic architecture 0.028
Present 16 (31%) 12 (60%)
Absent 35 (69%) 8 (40%)
Tumor in vein 0.544
Present
Absent 5(10%) 46 3 (15%) 17

(90%) (85%)

FAl, fractional allelic imbalance; HCC, hepatocellular carcinoma; LI-
RADS, liver imaging reporting and data system.

FAI were categorized either as LR-5 (70%) or LR-4 (30%), while
all HCCs categorized as LR-3 had low (<40%) FAI (p = 0.377).

The prognostic value of the FAI rate index has been previously
shown.”'* The FAI rate index has been used in patients with
HCC to develop a system that could overcome the limitations
of the currently adopted criteria for the selection of cirrhotic
patients who are potential candidates for liver transplantation

Furlan et a/

Figure 2. Box-and-whisker plot showing the distribution of
lesion size (i.e. maximum axial diameter) in tumors with low
(<40%) and high (=40%) FAI rate. FAI, fraction alallelic imbal-
ance.

3137
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(e.g. the Milan criteria). A study by Dvorchik et al’ reported
that the FAI rate and neoplastic vascular invasion were the most
important independent predictors of tumor-free survival after
liver transplantation, with FAI rate having the highest influ-
ence. In the same study, patients with HCC showing FAI > 40%
had a 14-fold increase in the risk of recurrence after liver trans-
plantation compared to those with FAI < 20%. In another study
Schwartz et al'® focused on the applicability of the FAT rate index
in patients beyond the Milan criteria; according to the results of
this study, in patients beyond Milan criteria, an FAI score >27%
and the presence of macrovascular invasion were independent
predictors of tumor recurrence after liver transplantation. The
post-transplant recurrence was considered as the ultimate
measure of tumor aggressiveness.

In our population, HCCs with high FAI rate index were larger
(56 £ 42 mm) compared to those with low FAI (36 + 30 mmy;
p = 0.005). The AUC of lesion size to discriminate between
tumors with FAI < 40% and those with FAI > 40% was 0.72.
However, none of the other LI-RADS features evaluated in this
study showed a statistically significant association with the FAI
rate index, and the distribution of imaging features between
tumors with FAI < 40% and those with FAI > 40% was not statis-
tically significant. Of note, the presence of a mosaic architecture
showed a trend towards statistical significance, being recorded
in 12/20 (60%) lesions with high FAI compared to 16/51 (16%)
lesions with low FAI (p = 0.028). In the LI-RADS lexicon, a
mosaic architecture indicates a heterogeneous lesion with

Table 4. Cut-off values and relative sensitivity, specificity, PPV and NPV for lesion size to identify HCC with FAI > 40%

Cut-off value (mm) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
>12 100 6 29 100
>22 90 45 39 92
>32 65 67 43 83
>52 45 84 53 80
>60 30 90 55 77
>132 15 100 100 75

FAI, fractional allelic imbalance; HCC, hepatocellular carcinoma; NPV, negative predictive value; PPV, positive predictive value.
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Figure 3. Axial contrast-enhanced CT obtained during the
arterial (a) and portal venous (b) phase shows a 5.6 cm hepa-
tocellular carcinoma diagnosed at liver resection with 50%
FAIl score. The lesion shows arterial phase hyperenhancement
(arrow, a), washout and capsule appearance on the portal
venous phase image (arrow, b) and mosaic architecture. The
lesion was categorized as LR-5. FAI, fractional allelic imbal-
ance.

multiple internal components of different enhancement/inten-
sity."? Prior studies have shown an association between tumor
heterogeneity and poorer prognosis. Kawamura et al reported
that heterogeneous enhancement within HCC is associated with
poorly differentiated histological grade'® and with increased
tumor recurrence after radiofrequency ablation.'” More recently,
Hectors et al'® showed a significant correlation between the
histogram features of heterogeneity of HCC on MR imaging
(e.g. standard deviation, kurtosis, skewness) and tumoral gene
expression levels.

We hope that our preliminary results, despite lacking for the
most part statistical significance after multiple hypothesis testing,
may suggest a valid direction for future studies on the radiog-
enomic analysis of HCC. In our opinion, further investigation
is warranted on the value of quantitative assessment of tumor
heterogeneity as an adjunct to pathological data for models of
predicting HCC recurrence and selecting candidates for liver
transplantation.

We acknowledge several limitations of this retrospective study.
Because of the strict inclusion and exclusion criteria, the final
population is small. We chose to include patients with a time
interval between imaging and pathology of less than 6 months
and to exclude those patients with a history of loco-regional
treatment because the imaging appearance may be significantly
affected by treatment and tumor evolution. The lack of a signif-
icant correlation between LI-RADS features and FAI rate index

BJR

Figure 4. Axial contrast-enhanced CT obtained during the
arterial (a) and portal venous (b) phase shows a 2.2 cm hepa-
tocellular carcinoma diagnosed at explant with 27% FAI score.
The lesion shows arterial phase hyperenhancement (arrow, a)
and no washout or capsule appearance on the portal venous
phase image. The lesion demonstrated subthreshold growth
and was categorized as LR-4. FAI, fractional allelic imbalance.

may also be due to the small population size. Moreover, imaging
was obtained over a long interval time (5 years) and therefore the
acquisition protocols may have slightly varied. The measurement
of lesion size may vary between CT and MR images, although
in our opinion, the difference is attenuated by performing the
measurements on the images showing the lesion margins with
better clarity and favoring the post-contrast images acquired
during the portal venous or delayed phase. Finally, the imaging
analysis was conducted using the LI-RADS v. 2014. After the
completion of our study, the newest version was released in
2017.* Although it is difficult to assess how much the results
of this study would differ when applying the newest version,
we speculate no or minimal changes since a similar set of major
and minor criteria is included in LI-RADS v. 2017. We acknowl-
edge a significant update in the definition of threshold growth in
LI-RADS v. 2017 compared to prior versions. In our study, this
major feature was recorded in 15 cases and was key to categorize
4 lesions as LR-5 and two lesions as LR-4.

In conclusion, there was a positive correlation, although not
statistically significant, between the LI-RADS diagnostic catego-
ries and the FAI rate of HCC. Tumors with high (>40%) FAI were
larger compared to those with low (<40%) FAL
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