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Although hepatocellular carcinoma can be difficult to detect, use of the LI-RADS algorithm
could lead to earlier identification in at-risk patients.

I Iepatocellular carcinoma (HCC) is the
third most common cause of death from
cancer worldwide." Liver cancer is the

fifth most common cancer in men and the sev-

enth in women.? The highest incidence rates are
in sub-Saharan Africa and Southeast Asia where
hepatitis B virus is endemic. The incidence of

HCC in western countries is increasing, particu-

larly due to the rise of hepatitis C virus (HCV) as

well as alcoholic liver disease and nonalcoholic
fatty liver disease. The incidence of HCC has
tripled in the US in the past 2 decades.®

HCC can be diagnosed by radiographic im-
ages without the need for biopsy if the typical
imaging features are present.® The European As-
sociation for the Study of Liver Disease (EASL)
and the American Association for the Study of

Liver Diseases (AASLD) recommend screening

abdominal ultrasonography at 6-month intervals

for high-risk patients.3* High-risk patients include
patients with cirrhosis, especially those with hep-

atitis B or C.3

If screening ultrasonography detects a nod-
ule, size determines whether a follow-up
ultrasound is needed vs obtaining a contrast-
enhanced dynamic computed tomography (CT)
scan or a magnetic resonance image (MRI).® If

ultrasonography detects a nodule > 1 cm in di-

ameter, then a dynamic CT or MRI is performed.

Characteristic hyperenhancement during later ar-

terial phase and washout during the venous or

delayed phase is associated with a nearly 100%

specificity for HCC diagnosis.® Arterial-enhancing

contrast is required when using CT and MRI be-
cause HCC is a hypervascular lesion.® The portal
venous blood dilutes the majority of the liver’s ar-

terial blood; therefore, the liver does not enhance
during the arterial phase, while HCC will show
maximum enhancement.” Furthermore, HCC
should demonstrate a “washout” of contrast dur-
ing the venous phase on CT and MRI.# Stan-
dard imaging protocol dictates that 4 phases are
needed to properly diagnose HCC including un-
enhanced, arterial, venous, and delayed.*

Regular surveillance increases the likelihood
of detecting HCC before the presentation of clin-
ical symptoms and facilitates receipt of curative
therapy.®1° Patients with viral hepatitis and cir-
rhosis with HCC found on screening are more
likely to have earlier-stage disease and survive
longer from the time of diagnosis."" Furthermore,
it has been observed that HCC detected by sur-
veillance is significantly more likely to undergo
curative therapy compared with incidental or
symptomatic detection of HCC.®

Technical improvements in imaging tech-
niques include advancement in contrast agents,
multidetector row helical CT, and the flexibility/
range of pulse sequences available in MRI.” Even
with technical improvements in all modalities
used in HCC imaging, detecting HCC remains
difficult, especially when detecting the small
(< 2 cm) lesions in a cirrhotic liver.” Interpreta-
tion of imaging also remains a challenge as HCC
does not always fit strict criteria: lack of “wash-
out” in a hypervascular lesion, determining small
HCC lesions from benign nodules, and hypovas-
cular/isovascular HCC.® Radiologic differentials
in the diagnosis of HCC include transient hepatic
intensity difference (THID)/transient hepatic at-
tenuation difference (THAD), arterio-portal shunt,
and regenerative nodules.™ In the common

Brennan McCullar is a
Hospitalist at Baptist
Medical Group in
Memphis, Tennessee.
Bradford Waters is a
Hepatologist, John
Phillips is a Radiologist,
Alan Appelbaum is a
Radiologist, David Archie
is a Radiologist, and Alva
Weir is an Oncologist,

all at Memphis Veterans
Affairs Medical Center in
Tennessee. Vikki Nolan
is an Assistant Professor
of epidemiology and Alva
Weir is the Director of the
hematology-oncology
fellowship program, both
at University of Tennessee
Health Science Center in
Memphis.
Correspondence:
Brennan McCullar
(bpalazo@gmail.com)

MAY 2019 + FEDERAL PRACTITIONER SPECIAL ISSUE « S47



Hepatocellular Carcinoma Diagnosis

TABLE 1
Radiologist Nodule Scoring
Disease
LI-RADS Scores Radiologist 1 Radiologist 2
HCC + HCC - HCC + HCC -

>3 27 5 29 7
<3 15 23 13 21
Sensitivity 64.3% 69.0%
Specificity 82.1% 75.0%
Accuracy 71.4% 71.4%

Abbreviations: HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting and Data

System.

clinical setting, patients undergo multiple imaging
studies that are interpreted by multiple radiolo-
gists, which can add to the difficulty in the diag-
nosis of HCC."

The radiology community recognized the
inconsistencies and complexities of HCC im-
aging. Therefore, the American College of Ra-
diology endorsed the Liver Imaging Reporting
and Data System (LI-RADS), which had the
goal of reducing variability in lesion interpre-
tation through standardization and improv-
ing communication with clinicians.' LI-RADS
uses a diagnostic algorithm for CT and MRI
that categorizes observed liver findings in high-
risk individuals based on the probability or rel-
ative risk of HCC without assigning a formal
diagnosis.' LI-RADS takes into account arte-
rial phase enhancement, tumor size, washout
appearance, the presence and nature of a cap-
sule, and threshold growth.' LI-RADS cate-
gorizes an observed liver finding on a scale of
1 to 5, with 1 corresponding to a definitely be-
nign finding and 5 with definitive HCC."* Fur-
thermore, LI-RADS sought to limit the technical
variabilities among institutions.

LI-RADS was launched in 2011 and has been
utilized by many clinical practices while continu-
ing to be expanded and updated.’® Recent stud-
ies examined the specificity of LI-RADS as well
as interreader variability.’”'® For nodules viewed
on MRI, both LI-RADS categories 4 and 5 had
high specificity for HCC.'” When looking at inter-
reader repeatability, LI-RADS showed moderate
agreement among experts using the diagnos-
tic algorithm.® Further studies have compared
LI-RADS with the AASLD guidelines and the
Organ Procurement and Transplantation Net-
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work (OPTN) guidelines.’® When compared with
other guidelines, LI-RADS expands the definition
of indeterminate findings into probably benign,
intermediate probability of HCC, and probably
HCC, which corresponds to LI-RADS categories
2,3,and 4.'®

We looked retrospectively at a group of pa-
tients previously diagnosed with HCC to see
whether utilizing the LI-RADS scoring system
within our screening system might have al-
lowed an earlier prediction of HCC and a time-
lier intervention. Prior to this investigation the
LI-RADS system was not used for HCC screen-
ing at our US Department of Veterans Affairs
(VA) facility. We examined screened patients at
the Memphis VA Medical Center (MVAMC) in
Tennessee who were subsequently diagnosed
with HCC to see which LI-RADS category the
last surveillance CT prior to diagnosis would fall
into, 6 months to a year prior to the diagnosis
of HCC. Our control population was a group of
patients screened with CT for their liver nodules
who were found not to have HCC.

METHODS

Patients at MVAMC with cirrhosis and pa-
tients with chronic hepatitis B are routinely
screened with ultrasound, CT, or MRI in accor-
dance with the AASLD, EASL, and VA guide-
lines. Of 303 patients with HCV and cirrhosis
under care in 2015, 242 (81%) received im-
aging to screen for HCC according to the
VA National Hepatitis C Registry 2015 (Per-
sonal Communication, Population Health Ser-
vice, Office of Patient Care Services).The
LI-RADS scoring system was not applied as a
standard screening methodology.

Under an institutional review board-approved
protocol, we reviewed the charts of all patients
diagnosed with HCC at MVAMC from 2009 to
2014, utilizing ICD-9 code of 155.0 for HCC. We
identified within these charts patients who had a
surveillance CT image performed within a 6- to
13-month period prior to the CTs that diagnosed
HCC (prediagnostic HCC CT). Furthermore, we
reviewed the charts of all patients diagnosed
with benign liver nodules at MVAMC from 2009
to 2014, utilizing the ICD-9 code of 573.8 for
other specified disorders of the liver.

Within these charts, we found patients who
had a surveillance CT image performed and
who were followed after that image with addi-
tional imaging for > 2 years or who had a liver
biopsy negative for HCC (benign surveillance



CT). We compared these 2 sets of CTs utilizing
LI-RADS criteria. Once these patients were iden-
tified, a list of the CTs to be examined were given
to 2 MVAMC radiologists who specialize in CT.

No identifying information of the patients
was included, and a 13-digit number unique
to each CT exam identified the CTs to be re-
viewed. Radiologist 1 and 2 examined the CTs
on the MVAMC Picture Archiving and Commu-
nication System (PACS). Both radiologists were
asked to give each nodule a score according to
LI-RADS v2014 diagnostic algorithm (Figure).

We hypothesized that the prediagnostic
CT images of patients eventually determined
to have HCC would have a LI-RADS score of
4 (LR4) or LR5. Furthermore, we hypothesized
that the CT images of the benign liver nod-
ule patients would have a score < LR3. If there
was a disagreement between the radiologists
in terms of a malignant score (LR4 or LR5) vs
a benign score (< LR3), then a third radiologist
(radiologist 3) provided a score for these nod-
ules. The third, tiebreaker radiologist was given
the scores of both prior radiologists and asked
to choose which score was correct.

Statistical analysis was then applied to the
data to determine the sensitivity, specificity, and
diagnostic accuracy in diagnosing eventual HCC,
as well as the false-negative and false-positive
rates of radiologists 1 and 2. Raw data also were
used to determine the agreement between raters
by calculating the « statistic with a 95% CI.

RESULTS
A total of 70 nodules were examined by radiolo-
gists 1 and 2 with 42 of the nodules in the pre-
diagnostic HCC CTs and 28 of the nodules in
the benign surveillance CTs. Radiologists 1 and
2 found 27 and 29 patients, respectively, that
had HCC that might have been predicted in an
earlier scan if LI-RADS had been utilized, while
5 patients for radiologist 1 and 7 patients for ra-
diologist 2 were determined to have benign dis-
ease that would have been incorrectly identified
as likely HCC with LR4 or LR5 (Table 1).
Radiologist 1 identified 11 patients with LR4
and 21 patients with LR5. His scores showed
a sensitivity of 64.3% and specificity of 82.1%
with accuracy of 71.4% for LI-RADS in identify-
ing eventual HCC. The false-negative rate of the
LI-RADS diagnostic algorithm for radiologist
1 was 35.7% and the false-positive rate was
17.9%. Radiologist 2 identified 17 patients LR4
and 19 patients with LR5. Radiologist 2’s scores
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ITal’iléErlzrate Agreement Between Radiologists
Radiologist Agreement HCC - HCC + Total
Agreed 15 43 58
Disagreed 5 7 12
K (95% Cl) 0.592 (0.39-0.80)

Abbreviation: HCC, hepatocellular carcinoma.

showed a sensitivity of 69.0% and specificity
of 75.0% with accuracy of 71.4% for LI-RADS
in identifying eventual HCC.The false-nega-
tive rate of the LI-RADS diagnostic algorithm
for radiologist 2 was 31.0% and false-positive
rate of 25.0%. The « statistic was calculated to
determine the interrater agreement. The radi-
ologists agreed on 58 of 70 samples; 15 with-
out HCC and 43 with HCC. The « statistic was
0.592, which indicates moderate agreement
(Table 2). Radiologist 3 scored the 12 samples
that showed discrepancies. Radiologist 3 in-
creased the false-negative rate as he incorrectly
identified 5 malignancies as benign with a score
< LRS.

DISCUSSION

If HCC is diagnosed late in the disease pro-
cess based on symptomatology and not on
surveillance imaging, the likelihood of receiv-
ing early and potential curative therapy greatly
declines as was shown in a systemic litera-
ture review.® Surveillance imaging and lesion in-
terpretation by various radiologists has been
difficult to standardize as new technologic ad-
vances continue to occur in the imaging of
HCC." LI-RADS was initiated to help standard-
ize CT and MRI interpretation and reporting
of hepatic nodules. As a dynamic algorithm,
it continues to adjust with new advances in
imaging techniques with the most recent up-
dates being made to the algorithm in 2014.1419
LI-RADS applies to patients at high risk for
HCC most often who are already enrolled in a
surveillance program.’® The MVAMC has a high
incidence of patients with cirrhosis who are at
risk for HCC, which is why we chose it as our
study population.

LI-RADS can be applied to both MRI and
CT imaging. Much of the recent literature have
looked at LI-RADS in terms of MRI. A group in
China looked at 100 pathologically confirmed
patients and assigned a LI-RADS score to the
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FIGURE
L1-RADS v2014

Observation in a high-risk patient
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Treated observation

Untreated observation

Y Y Y

Definitely Probably Neither definitely nor
benign benign probably benign
v v
~ g »- Probable malignancy
LR-treated LR-2 not specific for HCC ﬂ

> Tumor in vein

_>-

A\

Arterial phase hypo- or Arterial phase
iso-enhancement hyperenhancement
Diameter (mm) <20 > 20 <0 10-19
Washout? None: LR-3
Capsule® 1: LR-3
Threshold >2:
growth®

Apply ancillary feature and then tie-breaking rules to adjust category

Abbreviations: AASLD, American Association for the Study of Liver Diseases; HCC, hepatocellular carcinoma; LI-RADS, Liver
Reporting & Data System (Scored as LR1 — LR5); OPTN, Organ Procurement and Transplantation Network.

aWashout: Visually assessed temporal reduction in enhancement relative to liver from an earlier to a later phase resulting in
portal venous phase hypoenhancement or delayed phase hypoenhancement.

®Capsule: Peripheral rim of smooth hyperenhancement in the portal venous phase or delayed phase that unequivocally is
thicker or more conspicuous than the rims surrounding background nodules.

°Threshold growth: Diameter increase of a mass by a minimum of 5 mm and, depending on the time interval between
examinations, by the following amounts: Time interval < 6 months, diameter > 50% increase; time interval > 6 months, diameter
>100%. A new > 10-mm mass also represents threshold growth, regardless of the time interval. A new < 10-mm mass does
not represent growth.

d0Observations in this cell are categorized LR-4 except as follows: LR-5g if there is > 50% diameter increase in < 5 months.
These observations are equivalent to OPTN 5A-g; LR-5us if there is both washout and visibility as discrete nodules of
antecedent surveillance ultrasound per AASLD/HCC criteria.

MRI at the time of diagnosis and showed
that MRI LI-RADS scoring was highly sen-
sitive and specific in the diagnosis of
HCC.2° This study did note a numeric dif-
ference in the specificity of LI-RADS algo-
rithm depending on how LR3 scores were
viewed. If a LR3 score was considered
negative rather than positive for HCC, then the
specificity increased by almost 20%.2°

Another study looked at patients with liver
nodules < 20 mm found on ultrasound and ob-
tained MRIs and biopsies on these patients, as-
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signing the MRI a LI-RADs score.!” Darnell and
colleagues found that MRI LR4 and LR5 have
a high specificity for HCC. However, 29 of the
42 LR3 lesions examined were found to be
HCC."” Furthermore, Choi and colleagues retro-
spectively looked at patients in a HCC surveil-
lance program who had undergone MRI as part
of the program and assigned LI-RADS scores to
these MRiIs.?! Their study showed that LR5 crite-
ria on gadoxetate disodium-enhanced MRI has
excellent positive predictive value (PPV) for diag-
nosing HCC, and LR4 showed good PPV.?!



In our study, we chose to look at LI-RADS in
terms of surveillance CT scans 6 to 13 months
prior to the diagnosis of HCC to see whether this
method would allow us to intervene earlier with
more aggressive diagnostics or therapy in those
suspected of having HCC. Although Choi and
colleagues looked retrospectively at MRI sur-
veillance imaging, most of the prior studies have
looked at LI-RADS scoring in imaging at the time
of diagnosis.'”202! By looking at surveillance CT
scans, we sought to determine LI-RADS sensi-
tivity, specificity, and diagnostic accuracy as a
screening tool compared with CT evaluations
without LI-RADS scoring.

We also chose to look at CT scans since
most of the prior studies have looked at the more
detailed and often more expensive MRIs. For
both radiologists 1 and 2, the sensitivity was
> 60% and specificity was > 70% with a
diagnostic accuracy of 71.4% in predicting
a diagnosis of HCC in future scans. Although
there was high false negative of > 30% for both
radiologists, we did consider LR3 as negative for
HCC. As Darnell and colleagues’ study of MRI
LI-RADS shows, LR3 may need to be revised
in the future as its ambiguity can lead to false-
negatives.'” Our results also showed moderate
interreader agreement, which has been seen in
previous studies with LI-RADS."®

Some studies have compared MRI with CT
imaging in terms of LI-RADs classification of he-
patic nodules to find out whether concordance
was seen.?>?3 Both studies found that there was
substantial discordance between MRI and CT
with CT often underscoring hepatic nodules.?>23
In Zhang and colleagues, interclass agreement
between CT and MRI varied the most in terms
of arterial enhancement with CT producing false-
negative findings.??> CT also underestimated
LI-RADS score by 16.9% for LR3, 37.3% for
LR4, and 8.5% for LR5 in this study.?? Further-
more, Corwin and colleagues found a significant
upgrade in terms of LI-RADS categorization with
MRI for 42.5% of observations.? In this study,
upgraded LI-RADS scores on MRI included
2 upgraded to LR5V (Figure), 15 upgraded to
LR5, and 12 upgraded to LR4.2® The under-
scoring on CT often happened due to nonvi-
sualization.?® In both studies, imaging that was
performed on patients at risk for HCC was retro-
spectively reviewed by multiple radiologists, and
the CTs and MRiIs occurred within 1 month.2223

Our study shows that the LI-RADS algorithm
has a good sensitivity, specificity, and diagnos-
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tic accuracy as a screening tool, predicting HCC
in scans earlier than standard CT evaluation. In
our study, the patients with HCC were shown
to have higher LI-RADS scores on prediagnos-
tic imaging, while the benign liver nodule patients
were shown to have lower LI-RADS scores. This
data would suggest that a LI-RADS score given
to surveillance CT of LR4 or higher should rec-
ommend either a biopsy or follow-up imaging
after a short interval. If LI-RADS is applied to
surveillance CTs in patients at risk for HCC, a
diagnosis of HCC may be arrived at earlier as
compared with not using the LI-RADS algorithm.
Earlier detection may lead to earlier intervention
and improved treatment outcomes.

Limitations

Limitations to our study occurred because ra-
diologist 3 did not review all of the images
nor score them. Radiologist 3 was limited to
12 images where there was disagreement and
was limited to 2 scores to choose from for
each image. Further limitations include that this
study was performed at a single center. Our
study focused on one imaging modality and did
not include ultrasounds or MRIs. We did not
compare the demographics of our patients with
those of other VA hospitals. The radiologists in-
terpreted the images individually, and their sub-
jectivity was another limitation.

CONCLUSION

In the MVAMC population, LI-RADS showed
a good sensitivity, specificity, and diagnos-
tic accuracy for CT surveillance scans in pa-
tient at high risk for HCC at an earlier time
point than did standard evaluation by very ex-
perienced CT radiologists. Higher LI-RADS
scores on surveillance CTs had good diagnos-
tic accuracy for the probable future diagnosis
of HCC, whereas lower LI-RADS scores had a
good diagnostic accuracy for probable benign
nodules. Utilizing the LI-RADS algorithm on
all surveillance CTs in patients at high risk for
HCC may lead to obtaining MRIs or follow-up
CTs sooner for suspicious nodules, leading to
an earlier diagnosis of HCC and possible ear-
lier and more effective intervention.
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